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Solar farming (land-use conversion from agriculture to solar electricity 
generation) is a relatively new concept, and the “harvest” is multi-dimensional in 
nature.  At a minimum, those dimensions include economic, environmental and public 
policy benefits.   An operational research project to investigate those net benefits was 
undertaken on a 15-acre farm in Proctor, Vermont.  Land was converted from 
agriculture (hay cultivation and livestock grazing) to generation of solar electricity.  A 
community scale solar installation (1/3 acre, 66 kilowatt AC) and a commercial scale 
solar installation (5 acres, 500 kilowatt AC) were established.  Net economic and 
environmental impacts were measured, and the relative effectiveness of public policies 
promoting development of solar electricity were estimated.  
 
The net after-tax financial return on cash equity of the community scale solar 
project was calculated to be 21% for the investor over a 25-year period (less than 1% 
average annual rate of return), while the financial return for the commercial scale solar 
project was 145% over a similar 25-year period (5.8% average annual rate of return). 
Economies of scale and researcher mistakes developing the small-scale array explain 
most of the difference in results.  The net environmental impact of both solar projects 
was positive, driven primarily by avoided carbon emissions made possible by the 
substitution of solar-generated electricity for electricity from fossil fuels. The avoided 
carbon emissions from both solar projects are about 11 times greater than the combined 
(i) loss of carbon sequestration/absorption from tree clearing required for those 
projects, and (ii) carbon emissions from solar panel manufacture, transportation and 
installation. Public policies promoting solar electricity development are a major factor 
in generating positive economic returns; in fact, they appear more generous than 
necessary to stimulate investment given the recent cost declines for solar electricity 
generation.  However, some subsidization of solar electricity generation is both needed 
and justified until at least 2020, when the financial costs of producing solar electricity 
on a per kilowatt-hour basis are expected to reach near parity with the costs of fossil-
fuel generated electricity.  Public subsidization is further justified given the large social 




In 2011 an apprehensive middle-aged guy walked into Professor Jon Erickson’s 
office at the Gund Institute and that moment led to this, five years later.  Professor 
Erickson welcomed this guy to the world of ecological economics and encouraged him to 
dip his foot into the academic pond, one course at a time.  Before he knew it he was 
enrolled in the Ecological Economics Graduate Certification program, as a “stand-alone” 
student (thanks to Carolyn Goodwin Kueffner), completed in 2013.  He loved the classes, 
the students, the discussions, the readings, and the professors.  There was intellectual 
stimulation, therapeutic value, and personal questioning.   
Then Professor Erickson floated the concept of the Masters Program at RSENR.  
The guy was gripped by fear of the GREs, particularly the math part (with good reason).  
But his professor kept him focused on the bigger prize.  He helped him see that this 
program could be an exploration of how to live, much more than a diploma to hang on 
the wall.   
This operational research project was just that – an effort to examine the 
feasibility of a reincarnation of sorts, a new mix of ideas, people, professional and 
personal pursuits.  In that examination, Professors Taylor Ricketts, Asim Zia and Jon 
Erickson have been absolutely fundamental.  Their questions, their encouragement and 
their own life examples, have been instructive in so many ways.  So, to Jon, Taylor and 
Asim, THANK YOU.   
Not only did this research project show me how I wanted to live (at least for 
now), but it also gave me the knowledge and experience to live that way.  This Masters 
project led to a job offer as a solar energy developer, such that in 2016 I am actually 
 iii 
replicating this project in 15 new ways and getting paid to do it.  More than 8 MW of 
clean Vermont-made solar electricity are in the works.  In other words, this research 
project was academically and vocationally rewarding in concrete, substantive ways.  I 
could not have asked more from this constructive learning experience as part of my 
Master’s Program at the Rubenstein School.  My sincere thanks go to the entire 
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CHAPTER 1 – INTRODUCTION AND METHODOLOGICAL APPROACH 
 
This research project assesses the returns to investing in solar farming in Vermont 
from three perspectives, that of: the individual investor, the environmentalist, and the 
public policymaker.  The project involves the conversion of a 15-acre site located in 
Proctor, Vermont historically used for hay and livestock (beef cattle, pigs, and chickens) 
into two sites for solar installations.  The results constitute a form of “triple bottom line” 
assessment: (1) private returns to financial investment; (2) ecological returns, measured 
in terms of projected net change in atmospheric CO2 due to land use change; and (3) 
public policy returns to solar investment subsidies and regulations.  Included is a Manual 
for Community Solar Development, written in layperson’s terms.  It is hoped this 
research project will have immediate practical applications, by potential solar investors, 
environmental groups and renewable energy policy makers. 
The work is centered around three sets of research questions: 
1. What are the commercial rates of return to solar investment projects, using 
standard criteria for the financial market (Net Present Value and Internal Rate of 
Return) and a range of discount rates?  What are the key drivers of this rate of 
return?  
2. What is the “ecological rate of return” to this investment, measured in terms of 
net greenhouse gas accounting?  Specifically, how do the avoided greenhouse 
gas emissions made possible through solar electricity generation and removal of 
livestock from the land compare with the carbon emissions from tree removal 
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for site preparation, in addition to solar panel production, transportation and 
installation? 1  
3. What is the relative effectiveness of Federal and State subsidies for solar 
installations, and are these subsidies both needed and justified?  What other 
State public policies have major impacts on solar investment, such as solar 
siting requirements and environmental regulations?   
1.1 Background 
The broader context for this research project is the 2011 Vermont Comprehensive 
Energy Plan (CEP), specifically the goal to meet 90% of the state’s total energy needs 
(electricity, heat and transportation) from renewable sources by 2050.2  Several studies 
are underway (including at the University of Vermont/Gund Institute, Green Mountain 
Power, and the Vermont Department of Public Service) that examine the implementation 
and feasibility of the CEP from a State-wide perspective. This project takes a different 
approach and analyzes the practical implementation of the State’s energy strategy with a 
case study. 
Three assumptions are made here: (1) in-state distributed generation (DG) of 
renewable energy is a significant “piece of the puzzle” in order to achieve the CEP’s 
goal; (2) private investors will continue to be the primary financing vehicle of this DG, 
as opposed to federal, state or local governments; and (3) electric utilities in Vermont 
will continue to work constructively with DG investors, because they enable the utilities 
                                                
1 Note: there are many other ecosystem services which could be examined in terms of net impact from the 
proposed land use change, such as wetlands conservation/water services, wildlife habitat protection, 
pollination, soil nutrient cycling, aesthetics, etc.  Such analysis goes beyond the scope of this research 
project.   
2 On January 12, 2016 the State of Vermont released the updated Comprehensive Energy Plan, which 
confirmed this goal. 
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to avoid/defer their own expensive investments in additional electricity generation and 
transmission capacity.  While studies in other U.S. States have generated different 
results (Duthu et al., 2014; Blackburn, 2013; CPUC, 2013; SAIC, 2013; Beach, 2013; 
Hansen et al., 2013; CPUC, 2013), this third assumption is borne out by Green Mountain 
Power’s own analyses of the net benefits of DG and their positive partnership with 
renewable energy developers over the past 5 years.  
In 2014, roughly 60% of Vermont’s electricity was supplied from renewable 
sources. About thirty percent came from Hydro-Quebec and the remaining 30% from in-
state solar, wind, hydro, methane and wood generators (VTANR, 2015).  Investment in 
solar energy in Vermont expanded very rapidly in 2014 and 2015.  The Federal 
Investment Tax Credit (30%) and the State Investment Tax Credit (7.2%), both for 
renewable energy generation, along with accelerated depreciation of solar installations, 
offer an opportunity for private investors to convert their taxable income from other 
sources into solar energy generation.  A review of the Vermont Public Service Board 
(PSB) orders shows issuance of Certificates of Public Good (CPG) for more than 150 
solar installations in 2014 and more than 190 solar projects in 2015 (VT PSB, 2016), 
accounting for more than 65 megawatts AC of DG. 
This growth in solar installations has begun to test regulatory limits.  Much to the 
surprise of policymakers and some solar developers, the primary electric utility in 
Vermont, Green Mountain Power (GMP), announced on November 13, 2015 that it had 
reached its net metering cap of 106 megawatts (equivalent of 15% of maximum 
electricity load), 14 months sooner than expected.  Net metering is a system by which 
renewable electricity generation (up to 500 KW AC in capacity) can be used by the 
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owner or the customer of the generation facility to offset their utility electricity bill.   
Specifically, “net metering” means measuring the difference between the electricity 
supplied to a customer by a utility and the electricity fed back into the electrical grid by a 
net metering system during the customer’s billing period. (Vermont Statute 219(a)).  This 
rapid growth in renewable energy net metering can be seen in Figure 1 below, from the 
Vermont Department of Public Service (through November 2015).  Of particular interest 
is the green shaded area, which shows cumulative renewable energy capacity growth. 
 
 
Figure 1: Growth in Renewable Energy Net Metering in Vermont 
 
Vermont Electric Cooperative, Lyndonville Electric Department, Washington 
Electric Cooperative, and several other Vermont-based electricity utilities also reached 
their cap in 2015.  Much of this investment was driven by private sector solar developers 
(e.g., SunCommon, All-Earth Renewables, Green Lantern Capital, Green Peak Solar, 
NextSun, Vermont All-Sun, etc.), which finance and operate solar arrays under group 
net-metered arrangements, as opposed to utilities such as Green Mountain Power.  
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Recently, national-level solar companies, such as SunEdison and Solar City, have also 
entered the Vermont market. 
A similar trend is observed nationwide, as seen in Figure 2.  Annual growth in 
photovoltaic (PV) capacity surpassed an average of more than 40% between 2006-2012 
(Sherwood, 2013).   The Solar Energy Industries Association (SEIA) reports that in 
2015 alone total new solar installations are projected to generate 8,000 megawatts (MW) 
bringing total solar electricity generation to 28,000 MW nationwide (SEIA, 2016).  
While this accounts for just 0.7% of total electricity generation in the country, solar 
installations accounted for more than 40% of all new electrical generation in 2015, 
greater than any other single source.   Key factors driving growth are federal investment 
tax credits, state renewable portfolio standards, falling PV module prices, and increased 
access to commercial financing, all of which lower the costs of investing in solar energy.  
 
Figure 2: Average Cost per Watt of Solar Electricity and  
Annual Solar Generation Installed, 2005-2014 (SEIA, 2016) 
 
This growth has had a significant positive impact on employment and economic 
growth nationwide.  In Vermont, more than 12,000 jobs are directly tied to the solar 
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industry (about 4% of total employment).  As shown in Figure 3, almost 175,000 
workers were employed nationwide in the solar industry in 2014 (twice that employed 
by the coal industry), up from less than 50,000 in 2009, and almost $18 billion worth of 
solar electricity was installed.  Estimates for 2015 for both the solar workforce and value 
of solar installations are at least 20% higher than 2014’s.  Solar investment is booming.    
 
 
Figure 3 – Solar Industry Employment and Value of Annual Solar Installations, 2006-2014  
(SEIA, 2016) 
In most cases, investing in solar energy is a medium- to long- term proposition.  
Whether measured by payback times, net present value (NPV), internal rate of return 
(IRR) or other financial metrics, the vast majority of solar investments require 15-25 
years to be profitable given their high up-front initial costs. The current 30% federal 
Investment Tax Credit (ITC) for solar investments (part of the 2009 “Obama Stimulus 
Package”) was surprisingly renewed by the Republican-controlled Congress in 
December 2015; it is now due to expire in 2021 instead of at the end of 2016.  This is 
very good news for solar investment.  On the other hand, the decline in PV module 
prices may have bottomed-out, at least temporarily, with recent increases over the past 
several months in part due to low supply and high demand (Feldman et al., 2013).  
Additional factors creating investment uncertainty in Vermont are: (i) possible 
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expiration at the end of 2016 of the 7.2% state Investment Tax Credit (ITC) for solar 
energy; (ii) the lack of approved rules for solar net metering beyond 2016; and (iii) a still 
vague renewable energy portfolio standard for Vermont’s utilities, due to commence in 
2017.  In summary, the future climate for investing in solar energy in Vermont is far 
from clear, which creates both the perception and reality of risk.  Financial markets 
backing private solar investors typically require higher returns to offset these risks, 
which could convert marginally profitable solar projects into unprofitable investments. 
From a public policy perspective, Vermont’s legislators and policymakers are 
debating the most appropriate ways to achieve renewable energy generation goals, such 
as those outlined in the CEP 2011.  There is little debate that the federal and state ITCs 
have stimulated investment in solar energy.  In fact, it could be argued that they have 
actually been more generous than necessary. In other states, research has shown that the 
level of the state solar investment tax credit has a strong positive and statistically 
significant effect on the investor’s decision (Durham, 1988).3  Should Vermont’s 
legislators renew the 7.2% ITC, reduce it, or let it expire at the end of 2016? 
Regarding environmental benefits, solar investments are often reflexively 
considered beneficial because they reduce/offset carbon emissions from fossil fuel-
generated electricity.  However, solar investments often come with their own negative 
ecological impacts: tree removal, soil disturbance, possible alteration of wetland 
functioning, and negative impacts on view sheds, not to mention the highly toxic 
chemicals used in the manufacturing of PV panels (e.g. cadmium sulfide and gallium 
                                                
3 More recent research into the effectiveness of state renewable energy policies and programs (e.g. Carley, 
2009; Delmas and Montes-Sancho, 2011) has focused on Renewable Portfolio Standards and Mandatory 
Green Power Options, as opposed to state-level investment tax credits. 
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arsenide) and the carbon footprint of producing and transporting PV panels from their 
place of manufacture (often as far away as China) to their place of installation.  A full 
greenhouse gas accounting exercise which attempts to capture all the greenhouse gas 
reductions (benefits) and emissions (costs) of solar energy investment would provide a 
more nuanced and “sober” assessment than what is conventionally assumed to be true. 
 To explore these questions and issues further, three working hypotheses were tested 
as part of this research project: 
Hypothesis 1: An investor with approximately $250,000 currently placed in the bond 
market (or available through a home equity loan) could generate attractive financial 
returns by investing in solar electricity generation, and possibly higher returns than in 
the bond market over a 25-year period. 
 
Hypothesis 2: Federal and State public subsidies are no longer needed or justified to 
generate positive private returns to solar investors and positive social returns to society. 
 
Hypothesis 3: The net greenhouse gas reductions (benefits) from converting agricultural 
land to solar energy generation outweigh the greenhouse gas emissions (costs) involved 
in this conversion. 
 
1.2 Operational Research Approach 
The operational research approach for this project was straightforward.  This was 
not an experimental (or even quasi-experimental) design, but rather the collection of a 
wide range of cost and benefit data from the installation and operation of two 
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differently-scaled solar arrays.  The location of research was 2824 West Street in 
Proctor, Vermont.  The following steps were taken:  
1. Establishment of a Limited Liability Corporation (LLC):  Under advisement from 
both legal and tax counsel, a limited liability corporation, “Mont Vert, LLC”, was 
established through the Vermont Secretary of State, with the researcher named as the 
sole managing member (Appendix 2.1). 
2. Land:  Fifteen acres of land were purchased and sub-divided (Appendix 3.1), 
adhering to all State and Town permitting requirements, establishing different 
parcels for the two solar installations (completed September 2014).  
 
 
Figure 4 - Land Parcel Acquired by Mont Vert, LLC 
 
3. Environmental Assessment: Environmental studies were carried out, primarily 
focused on two aspects: wetland delineation, and tree species identification and 
measurement.  Wetlands were formally delineated by a wetland specialist (Appendix 
3.3), and subsequently confirmed by the Vermont Agency of Natural Resources 
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(ANR). Secondly, all 240 trees removed for the solar installations were identified 
and measured (diameter at breast height, dbh) beforehand.  In addition, a baseline 
ecological assessment of the entire 15-acre parcel was conducted (Appendix 3.2).  
This will be useful for comparative purposes in the future, after wetland areas have 
had a chance to recover from years of livestock intrusion.  
4. Aesthetics: Landscape architectural designs were completed, primarily for offsetting 
potential negative view shed impacts of the arrays (Appendix 3.8) from West Street, 
and landscaping (aka “vegetative screening”) was completed for both solar arrays 
(November 2015).  
5. Permitting: The application for the Certificate of Public Good (CPG) for the smaller 
66 KW array was submitted to the Vermont Public Service Board (PSB) in July 
2014 and approved in September 2014 (Appendix 2.2).  For the larger 500 KW AC 
solar array, the Vermont Department of Historic Preservation provided its 
assessment in August 2014 that the larger solar project did not adversely disturb sites 
of archeological or historic significance, and a wetland permit was issued from the 
Vermont Agency for Natural Resources (ANR) in January 2015 after an extensive 4-
month process.   The CPG application for the larger solar 500 KW array was 
submitted to the PSB in September 2014 and approved in February 2015, following 
issuance of the wetland permit by ANR. 
6. Sale of Net Metering Credits:  For the smaller array, thirteen households in South 
Burlington and Proctor, Vermont committed in April 2015 to purchase the solar net 
metering credits generated by the array at a 10% discount, and signed 20-year net 
metering credit purchase agreements with the researcher/array owner.  A total of 
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100,000 kWh of solar net metering credits per year were sold, at a price of 
$0.171/kWh.  For the larger array, the Mount Mansfield Modified Union School 
District (serving Brown’s River Middle School, Jericho Elementary School, 
Richmond Elementary School, Underhill Town School, Bolton School District and 
Camel’s Hump Middle School) committed in June 2015 to purchase 875,000 kWh of 
solar net metering credits per year, for 20 years, at a 15% discount, which translates 
into $0.1615/kWh.   [Note: this will save the school district approximately $25,000 
per year in electricity expenditures for 20 years, at no up-front cost to the district’s 
taxpayers or the State, constituting an “infinite IRR”.  These savings are NOT 
figured into social rate of return calculations shown in Chapter 4.] 
7. Financing:  The smaller array was financed through a 50-50 combination of equity 
and personal debt (about $250,000), while the larger array ($1.7 million) was 
financed with a mix of long-term commercial debt (through the Vermont Economic 
Development Authority) and private equity (Greenbacker Renewable Energy 
Company). 4 
8. Engineering, Construction and Grid Inter-Connection: The two solar arrays were 
designed (Appendices 2.3 and 2.4) by civil engineering firms, constructed by 
electrical contractors and connected into Green Mountain Power’s electrical grid.  
The smaller 66 KW AC array commenced operations in March 2015, and the larger 
500 KW AC array commenced operations in November 2015.  A Google Earth 
satellite photo of the smaller 66 KW AC array is shown below, before landscaping 
                                                
4 Private tax equity funds are important sources of financing for solar installations.  They invest for a 7-
year period to take advantage of the federal investment tax credit and accelerated depreciation and then exit 
the project, earning approximately a 7- 8% average annual internal rate of return (IRR). 
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was done along West Street. 
 
 Figure 5 : Satellite Photo of Mont Vert, LLC 66 KW Solar Array 
 on West Street in Proctor, Vermont (May 15, 2015, Google Earth) 
  
 Most data collection was in real-time, particularly with respect to research 
questions (1) and (3).  The costs became apparent as bills, invoices, fees, salaries, etc. 
were paid by the project developer/researcher.  The revenues became clear once solar 
net metering credit purchase agreements were signed and commercial operations began. 
Other benefits (e.g. accelerated depreciation of the solar arrays and investment tax 
credits) became apparent as the researcher worked alongside tax experts. 
Within the 15-acre site, two different solar investment models were tested: (a) an 
individual investor  -owned, -financed, and -operated model; and (b) a third-party 
investor model, through which the solar array and accompanying land lease is sold by 
the initial developer after the array is permitted and operational.  These two models are 
at different scales: the smaller array is 66 kilowatt AC/83 kilowatt DC (which requires 
about ½ an acre of land and generates about 100,000 kilowatt-hours per year), while the 
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larger array is 500 kilowatt AC/710 kilowatt DC (which requires about 5 acres and 
generates about 875,000 kilowatt-hours per year).  Under the first model, the individual 
investor finances all development costs and assumes all development risks.  Under the 
second model, the third-party investor purchases the project after all development and 
construction risks are eliminated, in return for which the investor pay the developers a 
fee (about 12% of total project costs) for their time, troubles and risk. 
For research question (2), data collection focused on measuring the loss of 
ecosystem services (specifically carbon sequestration and absorption) as a result of tree 
removal.  As mentioned earlier, all 240 trees were identified and measured before they 
were removed (Appendices 3.6 and 3.7).  Biomass and carbon content were then 
calculated using NED 2 software (Forest Ecosystem Decision Support System).  In 
addition, the energy requirements of solar panel production and installation, and their 
related carbon dioxide-equivalent emissions, were calculated from recent scientific 
literature.  
Against this loss was compared the carbon emissions to be avoided (measured in 
metric tons CO2-equivalent) by the substitution of solar-generated electricity for mainly 
AZfossil fuel-generated electricity over a 25-year period, which is the minimum 
expected lifespan of the two solar arrays.  The assumption made here is that solar power 
will displace electricity from the ISO-New England grid, which is primarily from fossil 
fuels, rather than from hydropower produced in Quebec.5 The U.S. Environmental 
Protection Agency’s Emissions and Generation Resource Integrated Database 
                                                
5 In 2015, solar, wind, hydro and all other renewable electricity generation represented 9% of ISO-New 
England’s electricity supply (ISO NE, 2015). 
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(“eGRID”), which provides annual output CO2-equivalent emission rates for the New 
England grid, was used to calculate this figure. In addition to these projected avoided 
carbon emissions from the solar arrays, the effect of livestock removal on methane 
emissions was calculated (10 beef cattle were slaughtered), as part of this land-use 
conversion. 
Finally, a baseline ecological assessment of the 15-acre parcel was carried out 
(Appendix 3.2) against which the proposed changes in land-use can be analyzed in the 
future. This assessment was not intended to be scientifically precise, in terms of 
identifying all ecosystem functions, services and values on the 15 acres.  Rather, it was 
intended to provide a snapshot of the overall ecological condition of the land before it 
was converted.  For example, the removal of beef cattle from sensitive wetland areas, as 
part of the research project’s land-use conversion, is expected to help restore wetland 
health and functions in the future.  Evidence of grazing disturbance included compacted 
and de-vegetated soils, chew and rub marks on trees, broken shrub branches and eroded 
stream banks.  But this restoration process will take too long to be captured by this 
research project. 
1.3 Expected Results and Benefits 
The expected results and benefits of this research are multiple.  The first result and 
benefit is very practical in nature.  This project required development of generic solar 
investment tools, including a Solar Development Manual (Appendix 1) and replicable 
models which can be used by other similar-scale investors:  financial analysis 
spreadsheets (Appendices 2.8-2.11); a critical path activity chart with estimated 
timeline; and identification of the “institutional universe” in which the solar investor in 
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Vermont must operate.  It is hoped this will facilitate understanding and replication of 
community-scale solar investments by others in the future. 
The second result and benefit is empirical, with respect to the value of public 
subsidies of solar energy generation.  This could inform policymakers as to the need for 
continued subsidization, in what form and at what levels.  In addition, the project’s 
implementation generated information regarding the regulatory environment for solar 
investment in Vermont, specifically regulations concerning the environment (Agency of 
Natural Resources) and solar electricity generation (Public Service Department).  
Findings could make an incremental contribution to the ongoing regulatory discussions 
between the State and private investors in renewable energy generation. 
The third result and benefit is to place solar energy generation and relevant 
environmental and public policy regulations in a larger ecological context. For example, 
is it worth sacrificing carbon sequestration in trees and water purification by wetlands in 
order to reduce carbon emissions into the atmosphere?  Are there tradeoffs between 
these ecosystem services that should be considered and minimized? Are environmental 
regulations that stipulate no net loss of wetlands preventing reductions in carbon 
emissions that might be of higher value to society? It is argued here that environmental 
and energy policymakers ought to at least consider these trade-offs, who wins and who 
loses, as they attempt to preserve natural resources and ensure the sustainability of our 
planet. 
The organization of this report is as follows.  Chapter 2 examines the financial 
returns to the private solar investor, and the primary drivers of those returns.  In this 
case, the “solar farming harvest” is money.  Chapter 3 analyzes the net expected change 
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in CO2-equivalent emissions, as a net benefit to the environment from solar investment.  
The “harvest” in this sense is simply cleaner air.  Chapter 4 discusses the relative 
effectiveness of public subsidies for solar investment and the social internal rate of 
return, along with non-financial public policies that promote or hinder solar investing.  
Chapter 5 synthesizes the findings, reexamines the research project’s hypotheses, and 
lays out some future directions for additional research. 
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CHAPTER 2: PRIVATE FINANCIAL RETURNS TO SOLAR FARMING 
 
2.1. Internal Rate of Return (IRR) and Net Present Value (NPV) Analysis for a 
Community-scale Solar Project in Vermont 
Before a private investor considers whether or not to invest his or her capital in a 
solar (or photovoltaic, PV) project, a calculation and comparison of the project’s 
estimated net costs and net benefits is conducted, either formally or informally.  Cost-
benefit analysis has a variety of permutations, including net present value (NPV), benefit 
to cost ratio, internal of rate of return (IRR), profitability index (PI), simple payback and 
“time-to-net-positive-cash flow” payback.   
The basic exercise is the same: the investor takes into account all the costs 
associated with the project and attempts to establish specific values for each of those 
costs, over time.  Secondly, the investor considers all the benefits associated with the 
project and puts specific dollar values on each of those benefits, over time.   In the case of 
an NPV calculation, the net flow of costs minus benefits for each period (typically one 
year) is discounted from the future into present dollar terms, using whatever discount rate 
is deemed appropriate by the investor (more on this point later).  The investor then 
compares this NPV to alternative investments that might be made with the same capital.  
In the case of an IRR, the investor calculates the discount (aka “interest”) rate at which 
the net present value of all the cash flows (both positive and negative) equals zero, and 
then compares that to some established threshold rate.    
Standard economic theory would suggest the investor would choose to invest in a 
solar array if its estimated NPV is higher than the NPV of any alternative investment, or 
if its calculated IRR is greater than some pre-determined bar (e.g. the opportunity cost of 
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capital, or a simple standard such as 10%). In either case, an economic analysis for a 
photovoltaic (PV) project in Vermont needs to consider the following factors: 
 
2.1.1    Solar Project Capital Costs 
• Land costs, either purchased or leased 
• Total equipment and installation costs for the PV array itself, including: 
o Solar panels (photovoltaic modules) 
o Racking (the metal posts driven into the ground and the frames for the 
solar panels) 
o Inverters (convert DC power from panels into AC power for grid) 
o Installation – labor and materials to put the system together 
• Cost for inter-connection into the grid, including: 
o Application fee for inter-connection into the grid 
o System Impact Study (effect of array on grid stability and reliability) 
o Grid system upgrades (if any) 
o Transformers (step-up voltage from inverters to grid-level voltage) 
o Extension of electricity lines from the grid to the array, either above-
ground or underground 
• Engineering design and environmental analysis costs 
o Civil engineering for design of the solar array, ensuring: proper orientation 
to the sun (direction and tilt of panels); integration of any land easements; 
set-backs from roads and property boundaries; avoidance of wetlands or 
areas of Rare, Threatened or Endangered Species; access, so vehicles can 
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get to the array; feasibility of inter-connection of the array to the utility’s 
grid; and incorporation of all these aspects into visual diagrams of the 
solar project, which are submitted with the CPG application 
o Analysis of all environmental features of the project site, including 
presence of wetlands, streams, rare/threatened/endangered species, deer 
winter area, bat habitat, flood zones, etc. 
o Site visits with specialists from the Vermont Agency of Natural Resources 
to confirm wetland delineations and presence/absence of sensitive 
environmental features 
• Legal costs 
o Establishment of a Limited Liability Company 
o Prior notification of all interested stakeholders (Town, Regional and State 
authorities; neighbors, electric utility, etc.) 
o Preparation of an application for a Certificate of Public Good (CPG) from 
the Vermont Public Service Board 
o Possible litigation with people/entities opposed to CPG application 
• Site work 
o Preparation of the site where solar array will be placed.  This could 
involve tree clearing or “tree height management”, grading of the site, 
construction of water run-off channels, access road construction, etc. 
• Financing costs 
o The cost of money needed to secure the land and the array, which involves 
negotiating with financial institutions and investors. Often solar array 
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owners borrow money from multiple sources, including the Vermont 
Economic Development Authority (VEDA), which provides low-interest 
loans for renewable energy projects (up to 40% of the value of the 
project), private banks (Vermont-based and out-of-state), and private 
equity funds.  Interest rates for solar financing currently varies between 5-
9%, depending on their sources and the overall riskiness of the project as 
perceived by the lenders.  Private tax equity investors are key resources 
for large projects; they pool individuals and companies with large tax 
obligations into investment funds that purchase solar arrays and capture 
the federal investment tax credits and accelerated depreciation for their 
shareholders. 
• Landscaping design and installation 
o To reduce negative view shed impact caused by the array, either from 
public roadways or abutting landowners 
• Overall development costs 
o The time and expenses to find customers willing to purchase the solar net 
metering credits generated by the PV array, who are also deemed 
acceptably low-risk by the financing institutions 
o Negotiation of Solar Net Metering Credit Purchase Agreements with 
Customers 
o Oversight and coordination with lawyers for the preparation of application 
for a Certificate of Public Good to the Vermont Public Service Board 
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o Multiple presentations of proposed solar project to local town Planning 
Commissions and Select Boards (and sometimes to Regional Planning 
Commissions, as well) 
o Notification of all landowners who abut the property of the solar array, 
and discussions with them regarding potential view shed impacts and 
mitigation measures 
o Contracting and oversight of all third-party contractors hired for the 
project, including solar system design engineers, civil engineers, wetlands 
specialists, foresters, site work contractors, lawyers, electricians, etc. 
For the purposes of financial modeling, solar developers typically use a standard 
capital “cost per watt” figure.  As Figure 2 showed earlier, the average cost per watt for 
solar electricity has fallen from around $8/watt DC in 2005 to around $2.50/watt DC in 
2014.  There are economies of scale with solar installations, in addition to different siting 
opportunities (e.g. residential roofs versus open fields), such that larger arrays (e.g. 500 
KW AC nameplate capacity) can now be built for less than $2/watt. 
 
2.1.2    Project Operations and Maintenance Costs 
The sum of the costs described above constitutes the total fixed investment cost of 
the project.  In addition to this up-front investment are costs for operating and 
maintaining (O&M) the project.  These O&M costs include:  
o Monitoring of the solar array’s electrical output and periodic checking of 
all solar array wiring and electrical connections 
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o Removal of snow from the bottom 12” of solar panels if it does not melt 
and slide off on its own, to reduce “snow soiling” and electricity 
production losses  
o Periodic tree trimming and vegetation management to keep array free from 
any shading and grass/weed levels at acceptable heights  
o Replacement of inverters after 10-15 years 
o Insurance and local property taxes 
o Administration of solar net metering credit purchase agreements, customer 
billing and, if needed, adjustments to customers’ desired allocations of net 
metering credits, in coordination with the electric utility  
o Annual lease payments for the land, if it is not purchased. 
As a rough budgeting guide, solar developers typically use a figure of “1 penny 
per watt DC per year” for equipment-related O&M.  Thus, an 83 DC kilowatt array 
would require about $830/year in O&M.  To this would be added taxes, insurance, land 
lease payments (if any) and vegetation management.  (These costs have been taken into 
account in the financial models shown in Appendices 2.11-2.13.) 
 
2.1.3 Investment Tax Credits and Depreciation 
Currently, solar projects in Vermont are eligible for both federal and state 
investment tax credits (ITC), designed to incentivize investment in renewable energy 
generation.  The federal ITC is equivalent to 30% of the initial fixed cost of the array, 
while the Vermont ITC is equivalent to 7.2% of that same cost.  For example, if a 500 
KW AC array costs $1.7 million, the investor can immediately take off 30% of that 
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amount (or $510,000) from tax obligations to the US Internal Revenue Service. If that 
investor is a Vermont resident and structures the deal so that the cost of the array flows 
through to his/her individual tax return, 7.2% of the capital cost (or $122,400 in our 
example) can be taken off State tax obligations.  Both of these investment tax credits can 
be used over a 20-year period; they do not need to be used up in a single tax year.  These 
two ITCs are the primary economic drivers of investment in solar projects in Vermont at 
this time. 
In addition to the federal and state ITCs, solar projects qualify for accelerated 
depreciation under rules established by the Internal Revenue Service, specifically called, 
“Modified Accelerated Cost Recovery System”, or MACRS.  This accelerated 
depreciation enables owners of the solar project to deduct the depreciated amount off of 
their taxable income, a secondary but very significant tax incentive for investors. 
The IRS has established a depreciation schedule under MACRS, which allows the 
cost basis of the array to be fully depreciated in just six years, as follows: 
 Year 1: 20% of the initial cost basis of the array 
 Year 2: 32% of the initial cost basis of the array 
 Year 3: 19.2% of the initial cost basis of the array 
 Year 4: 11.5% of the initial cost basis of the array 
 Year 5: 11.5% of the initial cost basis of the array 
 Year 6: 5.8% of the initial cost basis of the array 
The initial cost basis for the depreciation of the solar array is calculated as the 
total cost of the array minus 50% of the federal ITC.  For example, if the total investment 
cost of the array is $223,600, the value of the federal ITC would be 30% of this, or 
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$66,900, so the depreciation basis would be $223,600-($66,900/2), or $189,550.  This 
actually allows 50% of the value of the federal ITC to be depreciated and used to further 
reduce taxable income, providing a “tax avoidance multiplier” to solar investors. 
The Vermont ITC of 7.2% simply rides on top of the federal ITC.  It is only 
available to solar investors who reside in the State of Vermont, pay Vermont taxes, and 
have their solar array’s financial returns flow through to their personal income taxes.  
This would be the case for solar arrays that are financed through Limited Liability 
Corporations but not for standard “C-corporations”, which are taxed separately from its 
owners.  (This explains why almost all solar arrays beyond household use in Vermont are 
developed and operated as LLCs.) 
 
2.1.4 Discount Rates and Investment Time Horizons 
At the very core of any net present value calculation is the use of a discount rate, 
which discounts future financial flows into present dollar values.  Simply put, $100 ten 
years from today is not considered to be as valuable as $100 now.  This may be because 
that $100 could be invested in the financial markets today (in stocks, bonds, or bank 
certificates of deposit) to earn dividends or interest, which would increase its value in a 
compound manner over 10 years beyond the initial $100.  In this case the discount rate 
would be derived from the financial markets.  Or it may simply be because the holder of 
that $100, which can only be used in 10 years, cannot do anything with it today and so 
values it less (a personal discount rate, which is entirely subjective).  Alternatively, that 
$100 could be invested in a some other project (for example, the purchase of real estate, 
or a new business venture), which could generate profits over 10 years and increase the 
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value of that $100 (in which case the discount rate might be the internal rate of return of 
the best alternative use of that money, which would be the opportunity cost).   
Other methods exist to determine the appropriate discount rate, including the 
“social discount rate” (which would be used by public sector entities considering a solar 
project, taking into account a wider set of social benefits and social costs, and often 
including positive and negative externalities not included in the calculation of the private 
investor), and the “inter-generational discount rate”.  The latter was used in the oft-cited 
“Stern Review: The Economics of Climate Change” (2007), which takes a much longer 
view of climate change mitigation investments and their impacts on future generations, 
and therefore discounts future costs and benefits far less than standard economic theory 
would suggest. 
Ultimately, the final choice of the discount rate to be used for an NPV calculation 
is up to the investor, depending on their personal perception of the time value of money.  
Most investors use discount rates between 8-10%, although some private equity investors 
in solar arrays use higher rates given their opportunity to invest in alternative high return 
projects.  An individual might use 3-5%, if they are mobilizing financing through a home 
equity loan (cost of money) or from the stock market (perceived opportunity cost).  For 
the purposes of calculating NPVs for this research, discount rates of 1%, 5% and 10% 
were used.  
Related to the topic of discount rates is the determination of the duration of the 
solar project.  While most of the financial “action” of a solar project happens during the 
first 6 years of the project (tax credits and accelerated depreciation), a typical solar array 
can be expected to generate electricity and consistent revenue streams for at least 25 
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years.   Given the extremely low operations and maintenance requirements of solar 
arrays, the later years of a solar array are almost all benefits, with low costs.  On the other 
hand, because of discounting, the impact of those benefits in later years on the project’s 
net present value is relatively small.  In addition, electricity production of solar panels 
degrades by about 0.5% per year, so the benefits decline accordingly.  For our purposes 
here, project duration of 25 years is assumed.   
 
2.1.5 Total Electricity Output and Solar Net Metering Credit Revenue Stream 
Total electricity output for a solar array is quite simple to estimate.  A variety of 
on-line PV system electricity output calculators exist, developed and maintained by both 
private and public sector entities.6  These take into account the latitude of the solar array 
to determine the array’s orientation to the sun and use total insolation (solar radiation) 
data gathered over long time frames, in conjunction with specific array information 
(number of PV modules, wattage per module, degree of module tilt, inverter size, etc.).  
In Vermont, average insolation is about 4.5 hours per day over a 12-month period.  (An 
example of such an annual production report is provided in Appendix 2.9.) 
More concretely, electricity output is measured by multiplying the wattage of 
each solar panel (typically measured in DC) by the number of panels, which is then 
converted into kilowatt-hours (kWh).  For example, 264 solar panels, each of which is 
rated at 315 watts DC, would generate 83,160 watts DC (264*315).   Vermont’s 
insolation and latitude are such that DC watts of power convert into kilowatt-hours/year 
(kWh) at a rate of 1.2.  So, an 83,160-watt (DC) solar array in Vermont would produce 
                                                
6 For example, www.//pvsyst.com, http://pvwatts.nrel.gov/.    
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99,792 kilowatt-hours/year of electricity (or of solar net metering credits).7   Solar panel 
productivity degrades by about 0.5% per year, so that after 25 years it produces about 
87% of what it produced in the first year.  This annual degradation must be taken into 
account as electricity output is calculated for each of the 25 years of operation. 
Under Vermont’s net metering statutes, this electricity output is the same as the 
number of “solar net metering credits” generated (both measured in kWh), so long as the 
array is no larger than 500 KW AC.  Operationally, this means a meter is placed between 
the solar array and the grid to measure the kilowatt-hours of electricity generated by the 
array, which are classified as “net metering credits” by the utility. These credits are either 
used by the owners of the solar array to offset their own electricity bill, or sold to other 
electricity customers of the same utility to offset their electricity bill.  The electricity 
generated by the solar array simply flows into the electricity grid and goes to wherever it 
is needed, managed by the electrical utility.  The owners of the net-metered solar array 
have no control where this electricity goes.   But the net metering credits go to the owners 
of array, who need to monetize them some way. 
Accordingly, the owners of the array instruct the electrical utility how to allocate 
those net metering credits to the customers of the array.  This can be to the solar array 
owners’ own electricity bill, or to the electricity accounts of companies, organizations, 
private landowners, etc. located in the same utility service area.  As mentioned in Chapter 
1, the net metering credits for the smaller solar array installed for this research project are 
being sold to 13 households in South Burlington and Proctor, Vermont, while those for 
                                                
7 Solar electricity is produced as direct current (DC), and then converted by inverters into alternating 
current (AC) so it can be fed into the grid.  In the case of this research project, the 83 KW DC array 
generated 66 KW AC.  This is referred to as “conversion loss”. 
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the larger solar array are being sold to the Mount Mansfield Modified Union School 
District (reducing electricity expenditures for six public schools by $25,000/year). 
The value of the net metering credits is established by Vermont statue.  Currently, 
it is set as the equivalent of the “base residential rate 1” charged by the utility (currently 
$0.147/kilowatt-hour in most utilities across the State), plus the “solar adder” of 
$0.043/kilowatt-hour, for a total value of $0.19/kilowatt-hour.  In other words, for every 
solar net metering credit applied to a customer’s electricity bill, that bill is reduced by 
$0.19. 
If the owner of the solar array wants to sell those credits to customers, a price for 
them needs to be set.  That price must be below the value of the net metering credit 
($0.19/kWh), or else the customer would have no incentive to purchase them. Typically, 
net metering credits are sold to customers at a price measured as a percentage of its value, 
between 80-95%.  As an example, net metering credits sold at a 15% discount (meaning 
the price is equivalent to 85% of 19 cents) would be priced at $0.162/kWh.  Ultimately, 
the final price for the sale and purchase of these net metering credits is determined 
through negotiation between the owner of the solar array and the customer, and 
formalized through the signing by both parties of a Net Metering Credit Purchase 
Agreement.  This is a formal legal contract. 
The Agreement is typically valid for 20-25 years.  It establishes the primary cash 
flow of the solar array, which the owner of the array can use, if needed, to raise necessary 
financing from banks and solar investors.  While not as certain as a bond, it functions 
much like a bond, generating steady, predictable monthly payments from the purchasers 
of the solar net metering credits for 20 years.  After the initial investment costs, this is the 
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main positive cash flow to which the discount rate is applied to determine the net present 
value of the project overall. 
 
2.2 Financial Analysis Results – NPV and IRR 
This section examines the projected financial returns to investing in solar 
installations, at two scales: a 66 KW AC “community scale” array and a 500 KW AC 
“commercial scale” array.  For each solar installation an NPV and an IRR has been 
calculated.  Sensitivity analyses were then conducted to better understand which factors 
are the most important for generating attractive financial returns. 
The parameters discussed above were entered into EXCEL spreadsheets 
developed to incorporate all of the costs and revenues related each solar array, and to 
produce projected profit/loss statements and net cash flow statements over a 25-year 
period.  Table 1 on the next page lists the specific parameters used.  The impact of each 
parameter on each year’s profit and loss, and net cash flow, was calculated over 25-years 
for each array.  Net pre-tax and net after-tax cash flow was then discounted back into 
NPV and IRR calculations, using a range of discount rates.  In Appendices 2.8 and 2.9 
can be seen the financial model print-outs for the 66 KW AC and 500 KW AC solar 
arrays from these spreadsheets. 
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Table 1: Financial Model Parameters 	
Financial Model Parameters 
    
System Design Financing 
 - System Size KW AC  - Total Capital Cost 
 - System Size KW DC  - Capital Mobilization Fees 
 - Annual production degradation rate  - Debt-:Equity Ratio 
 - Annual production KWH  - Interest rate on debt 
   - Term of debt 
    
Revenue Projections Taxes 
 - Base Residential Retail Electricity Rate  - Federal ITC rate 
 - Escalator (annual average increase)  - State ITC rate 
 - Value of Solar Adder (/kWh)  - Federal Tax Rate 
 - Duration of Solar Adder (years)  - State Tax Rate 
 - Total Value of Net Metering Credit  - Cost basis for depreciation 
 - Discount on Sale of NMCs  - Accelerated Depreciation Schedule 
     Year 1 
Cost Projections    Year 2 
 - Land Lease Payments    Year 3 
   Years 1-10    Year 4 
   Years 11-20    Year 5 
   Years 21-25    Year 6 
 - Project Management Fees  - Municipal Tax Rate 
 - Permitting Fees  - Annual escalator on municipal tax rate 
   Agency of Natural Resources  - Annual Municipal Taxes 
   Public Service Board  - State Education Tax Rate 
   Inter-Connection Application Fees 
 -  Annual escalator on State Education Tax 
Rate 
 - Site Work Costs   
 - Equipment/Procurement/Construction ($/W DC)   
    
Operational Costs Third Party Development Costs 
 - Maintenance ($/W DC/yr)   - Legal 
 - Escalator (% increase/year)   - Geo-technical surveys 
 - Inverter replacement cost after 15 years   - Lease area surveys 
 - Brush-hogging and shade control   - Electrical engineering 
 - Administrative Costs   - Civil engineering 
 - Annual Audit Fees   - Aesthetics/Landscape Architecture 
 - Annual escalator on audit fees   - Archeological Review 
 - Insurance Costs   - Grid System Impact Study 
 - Annual escalator on insurance costs   - 3-Phase Line Extension 
    - Total Inter-Connection Cost 
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2.2.1 Financial Returns to a 66 KW AC Array and a 500 KW Array 
All the costs and benefits described in Section 2.1 above were taken into account 
to project profits and losses, and net cash flow, over a 25-year period.  All future net 
financial flows were discounted into present value terms, using three different discount 
rates: 1%, 5% and 10%.  The results are shown in Table 2. 
Table 2: IRR and NPV (US$) of Two Different Sized Solar Arrays,  
using a range of Discount Rates for NPV 
 




NPV Discount Rate 
   1% 5% 10% 
66 KW AC solar array 21% 0.8% $58,626 $30,006 $13,319 
500 KW AC solar array 145% 5.8% $983,173 $603,410 $384,526 
 
Under the middle scenario (5% discount rate), the 66 KW AC array generated an 
after-tax NPV of $30,006. This project has a positive NPV and so is worth doing relative 
to nothing at all.  However, it is not clear that this is the greatest NPV that could be 
generated from this use of $250,000 in investment equity and debt (in fact, it is probably 
not).  But answering that question would require further NPV analysis of alternative 
investments, which is beyond the scope of this exercise. 
The smaller 66 KW AC array generated a 21% after-tax IRR on cash equity over 
a 25-year period, which works out to less than a 1% average annual IRR.  That is well 
below the average annual “real” return of the Standard & Poor 500 stock index of 4.85%, 
taking into account taxes, inflation and expenses over the 20-year period, 1993-2013 
(TIM, 2014).   This return is closer to that of a US Treasury Bond (currently about 2.5% 
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per year for a 30-year bond), or a municipal bond (around 2.7% per year for a 30-year 
bond).   Given that solar project returns are much less risky than those of the stock market 
(the costs and benefits of a solar project are highly predictable over a 25-year time frame, 
unlike the stock market), this makes some sense.   For this particular research project, the 
solar installation will generate financial benefits which approximate returns in the bond 
market, while producing the added environmental benefit of producing clean, renewable 
energy (a positive externality).   By comparison, the 500 KW AC array generated an 
after-tax NPV of $603,410, and a much more impressive IRR over 25 years of 145%, 
equivalent to an average annual rate of return of 5.8%.   
The much higher return compared to the smaller array reflects several factors, 
some specific to the project and some not.  First off, there are cost-related economies of 
scale with the larger project ($2.00/watt DC versus $2.50/watt DC, for equipment and 
construction).  Secondly, many of the project development costs (legal, environmental, 
engineering, marketing, permitting) do not vary much in proportion to the size of the 
project.  The bigger the solar project the more those development costs can be spread out 
against the electricity production, resulting in lower cost per kilowatt-hour of electricity.  
Thirdly, specific to the smaller project, extensive site work was required, due to slope and 
poor soil quality, which increased capital costs and overall per kWh costs (no private 
company would have spent this much money on site work for such a small array).  
Fourthly, the investors in the larger project had a higher debt:equity ratio and were able to 
make immediate efficient use of the investment tax credits, whereas the researcher used 
more equity proportionally, and needed to spread out the tax credits over multiple years.  
In short, the smaller project was undertaken entirely by the researcher as a constructive 
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learning exercise, whereas the larger project was developed by experienced solar 
investors; the former’s inexperience resulted in higher costs.   When the financial model 
was re-run, correcting for many of these factors, the hypothetical IRR on cash equity was 
88% over 25 years, or equivalent to a 3.52% average annual rate of return.  But for the 
purposes of this operational research project, it is the empirical result that counts. 
The average annual rate of return of the larger solar project (5.8%) is higher than 
the average annual “real” rate of return of the stock market (4.85%) over the past 20 
years.  In addition, the larger project is lower risk than the stock market, because the rate 
of return is essentially “baked in” upon commencement of electricity production; the 
investment and O&M costs, and the revenue stream from the sale of net metering credits, 
are all known and fixed.  By contrast, the past returns of the stock market are no 
guarantee of future returns; future returns are inherently risky. This helps to explain the 
flow of private financing into solar projects in Vermont and around the country. 
These calculations do not consider the sale of the solar arrays’ Renewable Energy 
Certificates (RECs) to out-of-state utilities, which can further increase the value of the 
array to the investor.  RECs are an accounting mechanism to measure how much 
renewable energy flows into the grid.  For every megawatt-hour of electricity produced 
by a solar array, one REC is issued by the Vermont Electric Power Producers (VEPP).  
From an environmental perspective, a REC represents the reduction in carbon dioxide, 
soot, smog, mercury, acid rain and other pollutants made possible by replacing fossil 
fuel-generated energy with renewable energy.  But RECs also have an economic value, 
because they can be purchased by utilities and companies (e.g. L.L. Bean) wishing to 
procure “green electricity” to offset their generation and use of fossil fuel-based 
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electricity.  Indeed, utilities in Massachusetts and Connecticut (which generate most of 
their electricity from non-renewable sources) have purchased millions of dollars’ worth 
of RECs from Vermont-based solar arrays over the past five years, in order to comply 
with renewable energy portfolio standards in those states. RECs are sold on the market to 
the highest bidder, and are currently valued at $0.03-0.05/kWh in both 1-year and multi-
year contracts. Compared to the value of the net metering credit ($0.19/kWh) the REC is 
a much smaller factor, but it certainly creates an additional revenue stream for the 
investor.  If the sale of RECs is incorporated into the financial model, the 66 KW AC 
array’s return increases from 21% to 29% over a 25-year period (Appendix 2.10). The 
sale of RECs was not incorporated into these financial models because: (i) such sales 
could negate the claimed environmental benefits from solar investments (Chapter 3); and 
(ii) the future of the REC market is uncertain and thus hard to quantify.  Suffice to say, if 
the solar investment is a “win” for the private investor without the RECs, it will be even 
more so if the RECs are sold.   
2.2.2  NPV Sensitivity Analysis  
The Net Present Value calculation for the smaller array using a 5% discount rate 
was $30,006, which is not very high considering the initial investment cost $207,000 for 
the array itself, plus the land acquisition cost of $25,000 and total development costs of 
about $16,000 (roughly $250,000 in total).  In addition, this low NPV is subject to a 
variety of uncertainties and risk.  Just to recap, the key factors driving the profitability of 
solar projects in Vermont are:   
• the value of the federal investment tax credit (currently 30%); 
• the choice of the discount rate used; 
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• the value of the Vermont investment tax credit (currently 7.2%);  
• the value of the “solar adder” (currently $0.043/kilowatt-hour); 
• the cost per watt of the array; and 
• the sale price of the net metering credit/kWh.   
The two tables below present sensitivity analyses of the first four variables (or 
factors), illustrating their impact on the estimated NPV of the project.  Table 3 looks at 
the importance of the federal tax investment tax credit and the choice of discount rate. 
Table 3: Sensitivity Analysis of NPV of Solar Project to Changes in FITC and Discount Rate 
 
 
Federal Investment Tax Credit 
NPV $30,006  0% 10% 15% 20% 25% 30% 35% 
 
1% $7,817 $24,754 $33,222 $41,690 $50,158 $58,626 $67,094 
 
3% -$8,920 $7,957 $16,396 $24,834 $33,273 $41,712 $50,150 
Discount 4% -$15,181 $1,659 $10,079 $18,499 $26,919 $35,339 $43,759 
Rate 5% -$20,389 -$3,591 $4,808 $13,207 $21,607 $30,006 $38,405 
 
7% -$28,392 -$11,689 -$3,338 $5,014 $13,365 $21,716 $30,068 
 
8% -$31,469 -$14,820 -$6,495 $1,830 $10,155 $18,480 $26,805 
 
10% -$36,286 -$19,751 -$11,483 -$3,216 $5,052 $13,319 $21,587 
 
Table 3 clearly shows the importance of the Federal ITC.   If the ITC falls to zero, 
the NPV discount rate must fall to 1% to generate even a small positive NPV.  At a 
standard 5% discount rate the NPV goes decidedly negative without the ITC. The ITC 
needs to be at least 25% in order for the NPV to be possible at the full range of discount 
rates.   On the other hand, this also suggests that the current 30% ITC may be more 
generous than required to stimulate private investment in solar electricity (unless there is 
an added social benefit to accelerating the speed of solar installations, which there may 
very well be, as seen in Chapter 4). 
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An interesting aspect of this financial analysis is that whether the solar installation 
is financed with debt or with equity matters a lot.  If the array is more than 90% debt-
financed (say, with repayment of principal after 15 years), the NPV actually increases 
with the value of the discount rate.  This is because the solar array generates major 
positive net after-tax cash flow in the early years of the project (due to the investment tax 
credits and MACRS), when the discount rate has relatively little impact on these positive 
flows.  By contrast, the major negative cash flow occurs in Year 15, with the payback of 
the debt.  The higher the discount rate, the less this negative cash flow (debt payback) is 
valued in net present value terms.  With a solar investment that is majority debt-financed, 
positive cash flow is not affected much by the discount rate, while the negative cash flow 
is.   The higher the discount rate, the higher the NPV. 
Table 4 looks at the importance of the Vermont ITC and of the Vermont-
determined “solar adder”, which are state-level variables and, as such, perhaps of greater 
interest to Vermont’s policymakers.  
 
Table 4: Sensitivity Analysis of NPV of Solar Project to Changes in 
Vermont Investment Tax Credit and Value of Solar Adder 
 
 
Vermont Investment Tax Credit 
NPV $30,006  0% 2% 4% 6% 7% 8% 10% 
 
$0.00 $447 $4,711 $8,976 $13,241 $15,800 $17,506 $21,770 
Solar $0.02 $7,118 $11,382 $15,647 $19,912 $22,471 $24,177 $28,441 
Adder/ $0.03 $10,453 $14,718 $18,983 $23,247 $25,806 $27,512 $31,777 
kWh $0.04 $14,789 $19,054 $23,319 $27,584 $30,142 $31,848 $36,113 
 
$0.05 $17,124 $21,389 $25,654 $29,918 $32,477 $34,183 $38,448 
 




The interesting “takeaway” from Table 4 is that both the state ITC and the solar 
adder could be eliminated altogether and the solar investment would still be profitable 
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(although not by much, and uninspiring for a 25-year investment given the risks 
involved).  Each penny of the solar adder increases the NPV of the smaller 66 AC KW 
array by about $3,500, while every 2% of the state ITC increases the NPV by about 
$4,000.   For a community-scale solar installation providing net metering credits 
sufficient to cover the electricity bills of 10-15 households, these subsidies individually 
have relatively little impact given the 25-year time horizon of the project.  However, 
when combined together they do indeed have a significant positive impact on the 
financial return to the investor. 
For Vermont’s policymakers, given the very tight budget constraints into the 
future, key considerations are (i) whether or not to keep the solar adder for new solar 
installations in 2017 and beyond, and (ii) whether the state ITC should be allowed to 
expire at the end of 2016.  At least based on this limited analysis, solar installations 
appear to be profitable without either of these subsidies.  On the other hand, the state’s 
interest in accelerating private investment in renewable energy in order to achieve the 
Vermont’s Comprehensive Energy Plan might convince policymakers to retain these 
subsidies, although perhaps at lower rates.  
Three of the variables (or “uncertainties”) examined here are public policy 
initiatives: the federal ITC, the state ITC and the “solar adder”.  Only the discount rate is 
primarily determined by private market forces (although it should be recalled that the 
choice of discount rate is somewhat arbitrary, depending on the investor’s own time value 
of money).  Furthermore, we saw from the analysis above that if the array is primarily 
debt-financed then the discount rate has a somewhat counter-intuitive influence on the 
profitability of a solar project, because the positive cash flows from a solar project occur 
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in the first 5 years of a project while the negative cash flows occur at mid-to-late stages in 
most cases.  In summary, public policy arguably has a larger impact on the profitability 
of solar projects in Vermont than do the financial markets (more on this in Chapter 4).   
Obviously, private market forces are extremely important for solar projects, 
primarily in determining the actual equipment and installation costs of the array.  For the 
community-scale solar array installed as part of this research project, the total cost for 
equipment and installation was $2.50/watt ($207,000/83,000 watts), whereas for the 
competitively-bid commercial scale array it was $2.00/watt.  Another cost driven by 
private markets is the price of the solar net metering credits, which is often analyzed in 
terms of the percentage discount on the value of the net metering credit that the array 
owner has to offer to a customer to obtain a 20-year purchase agreement.  For the 
community-scale solar array, customers agreed to a 10% discount (meaning they pay 
90% of $0.19/kWh, or $0.171/kWh), while for the commercial-scale array the developer 
had to offer the customer (a Vermont public school district) a higher discount of 15%.   
As costs have come down more solar developers have entered the market, which 
in turn has increased competition and the discounts that solar developers have to offer to 
net metering customers.  Increasing the discount (i.e. lowering the price of a net metering 
credit) decreases the NPV and IRR for the developer.   In 2014, 5-10% discounts were 
the norm, but by the end of 2015 developers were offering 15-30% discounts, driven in 
part by the entry in the Vermont market of national-level solar developers (e.g., 
SunEdison and Solar City) anxious to build market share.  This dynamic may actually 
render some Vermont-based solar developers non-competitive and drive them out of the 
market. 
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The reality is that the individual solar investor has little control over these market 
forces.  The investor is a “market taker” and must pay whatever price emerges from the 
competitive bidding process for the purchase and installation of the array.  And the 
investor must compete with other solar developers in an increasingly crowded market in 
the sale of those net metering credits.  Without a 20-year contract to purchase net 
metering credits from a solar array it is very difficult to mobilize the necessary 
investment financing from banks and other investors.  Large organizations such as 
universities, hospitals, towns, and schools typically issue Requests For Proposals for the 
sale of solar net metering credits from at least five solar developers.  This drives the price 
down for “the consumer”, arguably a good thing, but can result in solar projects that 
might otherwise be profitable (and therefore built) to remain on the drawing table.   
 
2.3 Strengths and Weaknesses of an NPV approach to Solar Energy Evaluation 
and Development 
The strength of an NPV approach to renewable energy evaluation and development 
is that it mimics the process a private investor would go through to determine whether or 
not she or he would invest in renewable energy.  That is, unless the public sector is going 
to allocate taxpayer funds to build renewable energy projects on its own, the public sector 
will have to rely on private markets to provide the financial capital required to build these 
projects.  Therefore, the public policymaker needs to know if private individuals will 
invest in renewable energy generation or not, which will largely depend on how 
profitable such investments are seen to be relative to alternatives. 
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In addition, an NPV approach allows the public policymaker to include in the NPV 
model the impact of different public policy incentives for renewable energy generation, 
such as investment tax credits, accelerated depreciation, subsidized interest rates, and so-
called “solar adders”.  This allows the policymaker to determine the relative impact of 
different public policy initiatives on the profitability of solar investment, and to choose 
those initiatives with the highest net social benefit. 
A third advantage of an NPV approach is that is provides a mechanism for 
converting future costs and benefits into net present values, for comparability to 
alternatives. Renewable energy projects are by their nature long-term, typically at least 20 
years.  The benefits that may accrue in year 19 must be discounted back into today’s 
dollars or they will overstate the project’s profitability.  In addition, the future of 
renewable energy investing appears increasingly unpredictable and uncertain, given lack 
of concrete long-term policy initiatives related to global climate change at international, 
national and state levels.  This uncertainty adds an additional element of risk, which in 
turn justifies a slightly higher discount rate used for the NPV.  In summary, the NPV 
approach helps both the private investor and the public policymaker decide whether the 
solar energy project (or policy) is justified or not, on purely economic grounds. 
The primary weakness of an NPV approach to solar energy evaluation and 
development is that it considers only those costs and benefits to which a monetary value 
can be assigned.   As Vatn and Bromley argue in their paper, “Choices without Prices 
without Apologies” (1994), valuing “compresses information about attributes into a 
single metric.”  In the case of valuing environmental goods and services (and solar 
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energy generation can certainly be considered one of those, given that it is harnessing the 
power of the sun to create electricity), much information gets lost in this compression. 
Information gets lost because of the fundamental complexity and multiple 
attributes of environmental goods and services.  First, there are “cognitive restrictions” 
that prevent us from accurately observing and weighing all the environmental attributes 
of the project. These attributes might include the impact of reduced solar radiation on 
grass, soil and microbes due to shading by the solar array (which affects the nitrogen 
cycle); the effect of water channeling by solar arrays into straight rows on land surfaces 
and the creation of impermeable surfaces (possible impact on hydrologic cycles); or the 
loss of aesthetic appreciation for the land on which the array is located.  This 
“unknowability” is also seen empirically: people simply have a very hard time converting 
environmental goods and services into monetary terms.   
Secondly, there are problems of “incongruity”, according to Vatn and Bromley.  
This relates to the difficulty of placing monetary values on things that people believe 
should exist for moral reasons.  In the case of a solar energy generation project, which 
through substitution avoids greenhouse gas emissions that cause climate change, the 
planet’s viability for future generations is legitimately an attribute of the project.  But 
inter-generational issues are inherently moral questions, on which it is very difficult for 
people to place monetary values.   
Thirdly, there is the “composition problem” of a renewable energy project.  A 
large solar array (e.g. 2.2 megawatts) could take up 25 acres of land for more than 20 
years.  The value of that land has at least five components: on-site recreational use, 
commercial use, future use value, existence value and bequest value.   That is, the land 
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has both a use value and a non-use value, which makes it very difficult to “commoditize” 
beyond its use value.  In other words, it is under-valued.  This might lead to positive NPV 
calculations of renewable energy projects that are, from the perspective of ecological 
economics, actually projects with negative NPV calculations (if non-use values could 
somehow be incorporated). 
Another weakness of the NPV approach to renewable energy evaluation is that it 
typically does not consider the disposal of the solar array when its productive life comes 
to an end.  This includes certain costs that could be calculated into the NPV (labor and 
materials to salvage and re-sell the steel racking), but also costs we simply cannot know 
now (e.g. the cost of recycling solar panels in 25 years, the salvage value of the steel 
racking, the disposal of certain toxic chemicals from the PV modules).  As Ayres and 
Kneese (1969) have argued, the NPV approach fails to view the production and 
consumption process related to a solar project in a manner consistent with the law of 
conservation of mass.  Public investment programs and/or private investors in solar 
projects should take into account the amounts and effects of “residuals” of solar arrays 25 
years from now, but they simply don’t. 
Richard Norgaard (1989) takes this argument one step further.  He argues that, 
“all aspects of complex systems can only be understood through multiple 
methodologies.”  While a single solar energy project might or might not be considered to 
be a complex system, the thousands of solar arrays across Vermont and the tens of 
thousands of solar arrays across the United States certainly constitute a complex system.  
Norgaard would undoubtedly argue that such a system requires methodological 
diversity/pluralism, and a broader consideration of values.  Methodological pluralism is 
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obviously at odds with the NPV approach, which uses only the method of the market and 
econometrics. 
More concretely, in the case of renewable energy projects, this argument can be 
seen in the debate surrounding the siting of renewable energy projects.  For many people, 
the siting of a wind farm on a pristine Vermont ridgeline or of a solar array in a field 
overlooking a lake, constitutes a violation of deeply held values about “unspoiled 
landscapes”, wild spaces, aesthetic appreciation, etc.  This may particularly be the case of 
people who have lived for a very long time in sight of those ridgelines or that lake, or 
who explicitly moved there in order to appreciate them.  These values can lead people in 
a society to object very strongly to the siting of renewable energy projects in those places, 
which in turn can generate political opposition to renewable energy projects.  None of 
these values are taken into account by the conventional economist, investor or 
policymaker when calculating the NPV of a solar project.   
The reality of renewable energy siting in Vermont is that there is (in Norgaard’s 
words), “a complex interplay of global economies and local interests, sophisticated 
technologies and human frailties, environmental systems and social controls on their use, 
and limited resources.”  There is no single all encompassing methodology or perspective 
for resolving renewable energy siting and investment.  Well-trained ecological 
economists can easily end up in favor or against siting of renewable energy projects on 
ridgelines and in beautiful view sheds.  This all argues for methodological pluralism, 
because multiple insights derived from different values, cultures and histories “guard 
against mistaken action based on one perspective”.  Indeed, the current struggles of the 
Vermont legislature and executive branch to address this issue reflect this reality and the 
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need for methodological pluralism.  Policymakers’ decisions related to renewable energy 
siting in Vermont have relied little on calculations of the NPV of these projects. 
Rather than assuming that all costs and benefits of a renewable energy project can 
be defined in monetary terms suitable for an NPV approach, ecological economists would 
likely take an alternative approach (Gowdy and Erickson, 2005). The first principle is 
“value pluralism”, or the rejection of the idea that all objects have values that can be 
reduced into commensurable monetary units.  Instead, the ecological economist would 
call for the separation of values into incommensurable categories, which could then be 
considered through multi-criteria assessment, including NPV.  Certain aspects of the 
project (such as the value of electricity generation) would be considered in monetary 
terms, but other aspects, such as viewshed impact and perhaps avoided greenhouse gas 
emissions might be considered in non-monetary and even non-numerical terms.  The 
different criteria used in a multi-criteria assessment might also have different weights, 
reflecting the value placed on each criterion by the analyst.   
The ecological economist would also reject the notion of “the rational actor”, or 
“homo economicus”, which lies at the heart of a standard net present value calculation, 
with estimations of market-price driven valuations of people’s utility functions.  Instead, 
people would be viewed as social actors, with their preferences and opinions dependent 
on other people.  Here again, the example of renewable energy siting and growing social 
opposition to it in certain Vermont towns is instructive.  For example, the Town of New 
Haven’s strong opposition to solar development has prompted more than 50 other 
Vermont towns to sign on to New Haven’s petition to slow down and reduce the scale of 
solar installations.   
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As another example of the weakness of the NPV approach when viewed from the 
perspective of ecological economics is how uncertainty is treated.  Rather than reducing 
the inherent uncertainty of a solar project investment (with its 20-25 year lifespan) to risk 
which can be incorporated into economic models such as NPV, the ecological economist 
would argue for a precautionary principle and erring on the side of caution.  This 
emphasizes process over outcome-driven decisions, and a co-evolutionary process 
between natural and social systems.  The precautionary principle also argues for small-
scale experiments that avoid long-term commitments, diversity of approaches, and fine-
tuning based on empirical information.   
On the other hand, given (i) the realities of greenhouse gas accumulation in the 
atmosphere and its projected impacts on the global climate (and on human survival in the 
future), and (ii) the importance of curtailing the burning of fossil fuels for energy 
generation, risk-taking in favor of long-term renewable energy generation investments 
may be economically, ecologically and (even) morally necessary.  While it might be 
preferable to have unlimited time to conduct short-lasting, small-scale experiments to see 
what works best, perhaps we do not have that luxury.  Perhaps radical, aggressive, 
disruptive and risky investments in renewable energy generation are the order of the day.  
Such investments may not be entirely justified in terms of net present value calculations, 
but rather by our society’s commitment to future generations and their inalienable right to 
be born on a planet that can sustain them.  In addition, if these investments are part of an 
overall program to reduce energy usage and mitigate climate change, the brunt of which 
will be borne by the poorest communities around the world, they may also contribute to 
social justice.    
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More positively, the decision related to whether or not to invest in a renewable 
energy project may be a perfect concrete example of ecological economics at work.  Such 
a project reflects “the interconnections and interdependence of the economic, biophysical 
and social worlds” (Gowdy and Erickson, 2005).  From a biophysical perspective, the 
actual amount of electricity a solar project can produce is intimately related to the basic 
physics of solar energy, the effect of a photon from the sun striking an electron in the 
valence band and blasting it up to the excited state of the conduction band, from which it 
is conducted to the outside world to do some work.  Meanwhile, the economics of a solar 
project are largely determined by classic economic principles related to economies of 
scale, risk, market competition, etc.  But, as we have seen in the financial analysis in this 
chapter, they are also are largely determined by the public policies put in place to 
incentivize such projects. Those same public policies are in turn a reflection of citizens’ 
concerns and values related to the impact of burning fossil fuels on our environment, 
energy independence, social and even inter-generational justice.   More discussion of  
those topics follows in Chapter 4. 
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CHAPTER 3: ENVIRONMENTAL RETURNS TO SOLAR FARMING 
 
Solar power installations have expanded very rapidly in Vermont over the past 5 
years.  With that growth have risen concerns and complaints about the impact of solar 
array installations on Vermont’s landscapes and environment.  These concerns were very 
evident in the debates and hearings during the 2015 session of the Vermont legislature 
concerning H.40, the so-called “RESET Bill” (Renewable Energy Standard and Energy 
Transformation).  Most of those expressed concerns focused on the impact of solar 
installations on view sheds and neighboring property values, as opposed to core 
ecosystem services per se (although views of natural beauty should be considered an 
ecosystem service).  Nevertheless, public sector agencies responsible for permitting and 
environmental oversight of solar arrays (the Vermont Public Service Board and the 
Vermont Agency of Natural Resources) have expanded and deepened their consideration 
of environmental impact of solar arrays as the number and scope of these arrays have 
increased.  This is a good time to assess the impact of solar arrays on certain ecosystem 
services. 
For purposes of this chapter, a moderate scale solar array will be defined as a 500 
kilowatt AC nameplate capacity, while a large solar installation will be defined as a 4 
megawatt AC nameplate capacity solar array.   In terms of required land area, a 500 
kilowatt (KW) array requires 4-5 acres of cleared land, free from any shading, preferably 
oriented towards the south and gently sloping.  A 4 megawatt (MW) array would require 
eight times that area, or approximately 35-40 acres of cleared land, free from shading. 
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Section 1 of Chapter 3 focuses on the potential impacts of solar installations on 
several ecosystem services, including carbon sequestration, water purification and 
recreational opportunities.  Section 2 refers back to the research project, presents a 
approach for calculating the net impact of the solar arrays on carbon sequestration, and 
then applies that approach to the two solar arrays developed as part of this project. 
 
3.1 – Potential Impacts of Solar Installations on Ecosystem Services 
3.1.1  Potential Impact on Carbon Sequestration 
Carbon sequestration refers to the long-term storage (as opposed to absorption) of 
carbon dioxide (or other forms of carbon).  For our purposes here, its primary ecosystem 
service or value is to mitigate or delay global warming and climate change linked to the 
increase of carbon dioxide in the atmosphere and oceans.  Forests hold two-thirds of 
terrestrial carbon (Sampson and Sedjo, 1997), and as they grow they increase their 
biomass and the stock of carbon they store in the trees and soils.  
In the atmosphere, carbon dioxide acts as a greenhouse gas, absorbing heat 
(radiation) reflecting off of the earth’s surface and preventing its escape out of the 
atmosphere.  This absorption of heat in the atmosphere has been shown to cause changes 
in the climate: the earth’s mean global temperature is rising; air temperatures over both 
land and ocean are rising; humidity is increasing, glaciers are melting, etc.  (U.S. EPA 
“Climate Change Indicators”, 2015).    
In the oceans, carbon dioxide mixes with other chemicals and increases the 
ocean’s acidity, which is threatening many ocean species, such as corals, oysters, macro-
algae and shells of tiny organisms that make up the base of the ocean’s food chain 
 49 
(Doney, 2007). Heat is also being stored in the oceans as the planet heats up more 
generally, which is warming sea surface temperatures, melting artic sea ice, and raising 
global sea levels.  All of these impacts show direct correlations with the amount of 
carbon in the atmosphere and in the oceans (measured in parts per million).  To the extent 
that trees and wetlands absorb and sequester carbon, they keep it from being absorbed by 
the oceans. 
Returning to carbon sequestration and solar energy development, Vermont’s trees 
and wetlands are primary areas where carbon is sequestered.  Approximately one-half of 
the biomass of every tree in Vermont is carbon (Carowicz, 2012). Vermont’s surface area 
is more than 80% covered by trees, which translates into approximately 4.6 million acres 
of timberland (Morin and Woodhall, 2012). Vermont’s forests act as a carbon “sink”, 
absorbing carbon from the atmosphere as they grow, and then they store (or sequester) 
that carbon in the form of a tree.  This process is well-described by Keeton et al (2011) 
and by Sampson and Sedjo (1997). 
If the installation of a solar array requires trees to be cleared and stumped from 
the land, then the carbon in those trees is likely to be released into the atmosphere.  
Release will be from burning the tree (either as firewood or for more sophisticated 
biomass energy generation) or from simple decomposition (if the tree is simply pushed to 
the side).  This can be avoided somewhat if trees are converted into wood products (e.g. 
furniture and wood flooring), in which case the carbon in the wood products remains 
sequestered, but large portions of trees are not suitable for this conversion. 
The United States Department of Agriculture’s Forest Service estimates that there 
are approximately 50-75 tons of biomass in every acre of timberland in Vermont (USDA, 
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2015).  This translates into approximately 25-37 tons of carbon in every acre of 
timberland.  If a 500 KW solar array requires 5 acres of land to be cleared of trees, 
approximately 125-185 metric tons of carbon sequestration would be lost.  A 4 MW solar 
array that required 40 acres of tree clearing would lose that amount, or about 1000 metric 
tons of carbon.  This is not insignificant. 
In addition to trees, Vermont’s extensive wetlands cover approximately 220,000 
acres, and include palustrine, lacustrine and riverine wetlands.  Palustrine wetlands are 
most relevant for solar array development, and include peatlands, scrub-shrub and 
marshes.   These wetlands can store as soil organic carbon (SOC) up to 9 tons of carbon 
per acre.  If the vegetative mass in these wetlands is taken into account, this figure rises 
to 11.4 tons of carbon/acre (Gleason, 2005). In particular, these areas of scrub-shrub are 
often places where agricultural, commercial or industrial land use is not possible, but 
where solar arrays could be placed.  If installation of solar arrays disturbs the wetland 
soils and peat formations with the pounding of steel posts 7 feet into the ground, this 
could potentially release a portion of the carbon sequestered in the wetland.  
 
3.1.2  Potential Impact on Water Purification 
In addition to carbon sequestration, trees provide water purification ecosystem 
services.  The clearest and most cited example of this function is in New York’s Catskill 
Mountains, which have been conserved as a watershed purification area for the City of 
New York’s water supply (Sagoff, 2002). To the extent that trees are removed for solar 
array installation, their water purification function is lost.   
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Likens et al. (1970) measured this water purification process when they removed 
all trees and other vegetation in an experimental area of a watershed.  They observed not 
only a significant change in water flow, but also a change in the chemical composition of 
the water, due to a disturbance in the nitrogen cycle.  Calcium, magnesium and nitrate 
levels in the water all increased after the trees were removed, reducing water quality.  
More generally, trees and forests have been shown to purify water, to such an extent that 
large national-scale payments for ecosystem services programs have been put in place to 
maintain these water purification functions and benefits (Pagiola, 2008).  These programs 
pay for the conservation of forests in hydrologically critical watersheds. 
Wetlands also purify water.  This ecosystem service is explicitly mentioned in 
Vermont Wetland Rules, published by the Vermont Water Resources Board (2002). More 
broadly, the role of wetlands in water purification is described by Verhoeven et al. 
(2006).   They perform this function by reducing concentrations of nutrients in the water, 
particularly nitrate and phosphorus.  To the extent a wetland is disturbed by the driving of 
posts (required to install the solar panels) into the ground, this could possibly alter water 
flow or cause filling or drainage of the wetland, and some water purification processes 
could also be disturbed.  In addition, the placement of the arrays over the wetland would 
reduce sunlight penetration, which could alter some of the biochemical processes.    
 
3.1.3 Potential Impact on Recreation Opportunities 
Vermont’s beautiful mountains, rolling hills, lakes and roads provide extensive 
outdoor recreation opportunities, which in turn drive a very significant part of Vermont’s 
tourism industry.  Much of this recreation is directly tied to the benefits (physical and 
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psychological) experienced by people actively engaged with Vermont’s natural beauty.  
This “provision of aesthetic beauty and intellectual stimulation that lift the human spirit” 
is defined by Alexander et al. (1997) as a specific ecosystem service.   
Skiing (alpine and Nordic), biking (road and mountain), hiking, boating, fishing, 
camping, etc., are all important recreational activities to both Vermont’s citizens and 
visitors to the State.  Many people simply come to Vermont to enjoy a drive along 
Vermont’s back-country roads, particularly during Autumn and foliage season, a more 
gentle form of recreation.  In 2011, visitor spending in Vermont, much of it related to 
outdoor recreation opportunities, was more than $1.7 billion (Chmura, 2011). There is 
little question that Vermont’s recreational opportunities closely linked to its extensive 
natural resources generate economic value. 
It stands to reason that the presence of a 5-40 acre solar array located in a prime 
viewshed, whether in a field or on a gently sloping mountainside, could directly interfere 
with a person’s recreational use of that land, and could indirectly affect that person 
through their perceived negative appreciation of the array’s impact on the land’s 
aesthetics.  A person might be dissuaded from hiking along a particular ridge trail if the 
view from that trail included a large solar array.  That would be a loss of recreational 
opportunity. 
Indeed, strong vocal local opposition to large-scale solar arrays in the Town of 
New Haven, Vermont, largely because of the anticipated impact on the town’s viewsheds 
and outdoor recreation opportunities (cross-country skiing, biking, etc.) caused one major 
solar developer to withdraw its application for a permit to build a 2.2 MW array in 2014.  
In addition, New Haven’s citizens approved $25,000 in the 2015 Town Budget to hire 
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legal services to oppose solar development in the town.  Legal challenges have held up 
the permitting process of at least 4 large-scale solar installations.8 
The valuation of the aesthetic appreciation of Vermont’s beautiful natural 
surroundings is difficult, because only a portion of this value can be captured by the 
market (in terms of dollars generated by tourism and recreation industries).  In this case, 
non-market valuation methods are required (National Academy of Science, 2005).  In 
most cases, this would involve assessing people’s willingness to pay (WTP) or 
willingness to accept (WTA) compensation in order not to have solar arrays placed in 
recreational areas or areas of significant aesthetic value.  This is a form of direct stated 
preference.  Another way to value this impact would be through indirect revealed 
preference, measuring people’s travel and time costs incurred to visit a recreational site 
(Bockstael, 1995).  Building on this concept, random utility models (RUMs) have been 
developed to place a dollar figure on the alterations in the desirable ecological 
characteristics that make a site attractive for recreation.  Despite this progress in non-
market valuation, it is very difficult to translate the possible impact of a recreation 
opportunities caused by the installation of solar array into economic terms.  But that is 
not to deny that a negative impact may exist. 
 
                                                
8 Local opposition to solar arrays is also linked to perceived negative impact of solar arrays on neighboring 
real estate values.  Insufficient property value data exists to substantiate this claim, for example through 
hedonic pricing methods. 
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3.2 Calculation of Net Impact of Solar Development on Greenhouse Gases 
3.2.1  General Approach 
In general, assessing the impact of solar installations on certain ecosystems, such 
as carbon sequestration, water purification and recreation opportunities, involves 
measuring the physical change in ecosystem function (a production function) and 
multiplying that physical quantity by an economic value of that function (the ecosystem 
service, which is assumed to be linear or constant) to calculate the benefit (or loss) to 
society caused by the solar array.   
A more technical description of this approach is provided by Luck et al. (2009). 
Under this approach, the organisms and their functional traits or characteristics that 
provide ecosystem services are identified and quantified.  After that, how changes in 
organisms affect ecosystem service provision is examined.  Then this ecosystem service 
provision (or changes in that provision) is assessed relative to the demands of human 
beneficiaries.  This approach unites the “Service Provider Unit” (SPU) concept, which 
links species populations with services, with the Ecosystem Service Provider (ESP) 
concept promoted by Kremen (2005), which focused on measuring ecosystem functions 
at an aggregate scale.  This unification is called simply, “the service provider” concept. 
With respect to carbon sequestration, such a process would involve understanding 
the process by which trees absorb and store carbon, and then quantifying this process.  
After that, the value of this carbon sequestration process to people (in Vermont or at the 
global level) would need to be calculated.  Concretely, in our present example this would 
involve calculating the amount of carbon sequestered in the area to be cleared or 
disturbed by the installation of the solar array, multiplied by the value of that carbon to 
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society.  In addition, the carbon which would have been absorbed by those trees as they 
grew and produced biomass over the next 25 years would need to be estimated. 
More generally speaking, and following the “chain of knowledge” in the 
ecosystem service paradigm, it would first be necessary to understand the relationship 
between the ecosystem process and the ecosystem service (the benefit enjoyed by 
humans).  Once this is done, the ecosystem service can be mapped spatially, and the 
valuation of these ecosystem services in a societal context can be conducted.  The 
availability of these ecosystem services and their relationship to human well-being can be 
assessed, after which tradeoffs among services in a societal context can be examined.  At 
that point, policy options for optimizing eco-system services can be identified and 
prioritized. 
This suggests that any assessment of the impact of solar installations on certain 
ecosystems also include the environmental benefits generated by the solar installation, so 
that tradeoffs can be examined.  It is worth pointing out that most environmental policies 
related to the impact of solar arrays on ecosystem services (such as those provided by 
wetlands) do not do this.  Instead, wetland policies in the State of Vermont simply state, 
“It is the policy of the State of Vermont to identify and protect significant wetlands and 
the values and functions which they service in such a manner that the goal of no net loss 
of such wetlands and their functions is achieved” (Vermont Wetland Rules, 2002).  Even 
if the potential environmental benefits of a solar array significantly outweigh the 
environmental benefits of the wetlands that might be lost by the array, Vermont policy 
would not allow this. 
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3.2.2  Calculation of Net Carbon Sequestration from Solar Development 
The first step in assessing the impact of a 5 to 40 acre solar installation on carbon 
installation would be to measure the total above-ground biomass which would need to be 
removed for the solar array.   The method for doing this is described in Jenkins et al. 
(2003).  Jenkins and her team developed a set of consistent above-ground biomass 
regression equations for U.S. tree species.  For each of the major U.S. tree species, these 
equations capture the average proportion of above-ground biomass in foliage, stem bark, 
stem wood and coarse roots, as a function of the trees’ diameter at breast height (dbh).  
These equations were then used to compute the biomass estimates used to develop the 
United States carbon budget. 
Given that a moderate solar array installation covers only about 5 acres, it would 
be possible to arrive at fairly close estimates of the amount of biomass (and, hence 
carbon) sequestered in the trees that would need to be cleared for the solar array.  If those 
five acres are only partially wooded, it could be feasible to literally measure the diameter 
at breast height (dbh) and identify the species of every tree to be removed. Knowing the 
species and dbh for each tree would then allow for that information to be loaded into 
computer software, such as NED 2 –Forest Ecosystem Decision Support Software, to 
calculate the biomass and carbon content for each tree.  This can then be easily summed 
up to determine the total loss of carbon sequestration due to the solar array’s tree 
clearing. 
If the land is thickly forested, then use of the USDA’s Forest Service’s “Live Tree 
Biomass Per Acre of Timberland” map and database would be useful. This database and 
map shows the spatial distribution of all live tree biomass (in tons) per acre of timberland, 
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by county, in Vermont and in the rest of the United States, as well.   The solar developer 
would identify the county in which the solar array is to be located and the corresponding 
Forest Service calculation of the tons of biomass per acre of timberland for that county.  
This figure would be multiplied by the number of acres to be cleared to calculate total 
biomass (in tons), with one-half of that biomass as carbon. 
To the loss of carbon sequestration should be added the loss of carbon absorption 
by the same trees over the 25-year lifespan of the solar array, had they not been cleared.  
Caspersen et al. (2000) estimated annual biomass growth (half of which is carbon) in 
U.S. forests of 2.4 MT per hectare per year.  Woodhall et al. (2014) examined the 
relationship between tree species densities and biomass production across different 
climates in the eastern U.S., and calculated an average annual biomass growth of 2.75 
MT per hectare per year for the specific types of trees removed from the research area.  
For the purposes of this exercise, this latter figure will be used. 
Depending on the interest of the authorities requiring this exercise to be carried 
out, the economic impact of this loss of carbon each year could be determined by adding 
together the lost carbon sequestration and foregone carbon absorption (measured in MT),  
and multiplying that sum by the cost of carbon.  To be consistent with the renewable 
energy generation sector in Vermont, which comes under the purview of the Vermont 
Public Service Board, it is suggested here to use the cost of carbon (US$80/ton in $2011) 
adopted by the Vermont Department of Public Service in their report, “Evaluation of 
New Metering in Vermont Conducted Pursuant to Act 125 of 2012”, published in 2013. 
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3.2.3 Net Impact of Two Solar Installations on Carbon Sequestration 
As part of this research project, the net impact of both solar installations (the 66 
KW AC array and the 500 KW AC array) on carbon sequestration was calculated.  For 
each array, the individual trees that had to be removed were identified and measured 
(dbh).  Table 5 shows the tree types and their quantity for both arrays.  A total of 240 
trees were removed as part of this project, 19 for the smaller array and 221 for the larger 
array.  The vast majority of trees were box elders, whose wood is light-weight, soft and 
not strong, relatively low in carbon and poor for bio-fuel.  Such trees are often found in 
moist, farm field succession areas, as opposed to high quality forest areas.  Box elders 
can be used for low quality furniture, paper pulp and some interior finishing.  From an 
ecological perspective, its seeds are a source of food for birds and mammals and are 
important because they stay on the tree through the winter, when other food resources are 
scarce.  The balsam firs were not native to the area  - they were planted at the time a 
nearby radio tower was constructed to hide the wire anchors.  The apple trees were very 
old and no longer producing fruit.  All other trees appear to have seeded and grown 
naturally.  Many of the trees were old and suffering structural damage, as can be seen in 
the photos provided in Appendix 3.4. 
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Table 5: Trees Removed for Two Solar Installations 





Type of Tree 
66 KW AC 
array 
500 KW AC 
array 
Apple - 7 
Sugar Maple 1 9 
Paper Birch - 2 
Balsam Fir - 35 
Box Elder 16 117 
Black Cherry 1 12 
Red Maple - 9 
Staghorn Sumac - 1 
Black Ash - 5 
Hackberry - 1 
Trembling Aspen 1 16 
Bitternut hickory - 4 
White Pine - 3 
TOTAL 19 221 
 
For calculating the carbon content of each tree, the key factor is its diameter at 
breast height (dbh).  Older, fatter trees obviously store much more carbon than younger, 
skinnier trees.  Accordingly, the dbm for each of the 240 trees removed for the solar 
installation was measured.   Using NED 2 – Forest Management Decision Support 
Software, this information was entered, along with the tree species type, to calculate the 
total biomass of each tree.  The biomass for all the trees for each solar site were then 
summed up, and divided in half to calculate carbon content in metric tons. 
For the 66 KW array there were only 19 trees removed but these were old, mature 
trees, averaging 42 cm dbh (52 inches circumference).  The total biomass in these 19 
trees was calculated to be 68 metric tons, for a total of 34 MT of carbon.  For the 500 KW 
array, there were many more trees but these were much smaller, averaging just 18 cm 
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dbh.  Total biomass for these trees was calculated to be 106.4 MT, for a total of 53.2 MT 
carbon.  In total, 87.2 MT of carbon sequestration per year was “lost” through tree 
removal for the installation of these solar arrays.9  This is equivalent to 320 MT of CO2 
equivalent (assuming a 3.67 conversion factor).  
Next the loss of future carbon absorption by the cleared trees was calculated, 
assuming a linear sequestration rate.  As discussed earlier, Woodhall et al.’s 2014 
estimate of annual net primary production of 2.75 MT per hectare per year of biomass 
was used, half of which would be carbon.  This translates into 5.06 MT of CO2 per 
hectare per year, using the conversion rate of 3.67 (C to CO2).  In total, approximately 
0.5 hectares (1.1 acres) were cleared for these two solar projects, meaning an estimated 
2.53 MT of CO2 per year will not be absorbed because of the tree clearing.  Over a 25-
year period, this represents 63.2 MT of CO2.  This is summarized in Table 6 below. 
Table 6: Foregone CO2 Absorption as a Result of Tree Clearing 
Average Growth Tree Biomass (MT/ha/year) 2.76 
Average Carbon Absorption (MT/ha/year) 1.38 
Average CO2-equivalent absorbed (MT/ha/year) 5.06 
Area cleared of trees (ha) 0.5 
Foregone C02-e/year/area (MT) 2.53 
Foregone C02-e absorbed over 25 years (MT) 63.19 
 
In addition to the increased carbon dioxide in the atmosphere attributable to the 
tree clearing, the energy used to manufacture the solar panels themselves should be taken 
into account.  In fact, not only the panels but also the frames, metal supports, inverters 
and human labor for installation should be analyzed.  A starting point for this is an 
                                                
9 Where possible, cleared trees were piled up and allowed to decompose naturally rather than burned, so 
the release of carbon into the atmosphere will be gradual.  But for the purposes of calculating lost carbon 
sequestration, the assumption is made that all carbon from the cleared trees is immediately released, as if it 
was burned.  This provides a more robust analysis of net carbon emissions from these solar projects. 
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accounting of all the energy flows in the life cycle of a solar panel, including resource 
extraction, manufacturing, product use until end-of-life, and decommissioning 
(cumulative energy demand).  This gross energy requirement is divided by the annual 
energy output of a solar panel to calculate the energy pay-back time (EPBT).  Alsema 
(2003) reviewed the literature and conducted new analyses to come up with a figure of 4-
6 years EPBT in moderately sunny climates.   Similarly, Bankier and Gale (2006) 
reviewed 14 existing published studies of a solar panel’s energy payback time, and then 
made certain adjustments upward to take into account panel frames, supports, inverters 
and human labor.  Note: Most of the energy required to produce a solar panel is used for 
silicon purification and the crystallization process, during the manufacturing process, not 
during its use.  Their conclusion was that a solar panel needed 3.8 years of producing 
electricity to offset the energy used in its production and installation. 
 Since Bankier and Gale’s 2006 study the energy efficiency of solar panel 
manufacturing and solar electricity production have increased substantially.  With the 
boom in solar panel production over the past 5 years, economies of scale and 
amortization of large energy requirements to build solar panel manufacturing capacity 
have driven down per panel energy inputs, such that EPBT is now estimated at 2.5 years 
(Dale and Benson, 2013).  That said, for the purposes of ensuring a robust analysis it is 
assumed here that a panel still needs at least 3.8 years of producing electricity to offset its 
manufacture and installation.   
 The next question concerns the CO2 emissions of a solar panel, which is largely 
determined by the fuel mix of the energy used to manufacture the panel.  Anselma (2003) 
assumed a mix of nuclear, hydro, coal, oil and gas to generate the required electricity 
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(which is appropriate given the primary PV panel manufacturing countries: China, 
Germany, Japan and the United States), and calculates that solar panels emit 30-40 grams 
of CO2 per kilowatt-hour generated, based on a 25-year lifespan of a solar panel.   
 For the smaller solar array in this research project, total electricity production 
over its 25-year lifespan was calculated, assuming a 0.5% annual productivity 
degradation rate, resulting in a figure of approximately 1.9 million kWh.  At 35 
grams/kWh, this translates into 81.2 MT of CO2 emissions.  For the larger array, total 
electricity production is estimated to be almost 20 million kWh, which at 35 g/kWh 
results in 692 MT of CO2 emitted.  Combining both arrays yields a sum of 773 MT of 
CO2 emissions.   
Adding together the increased CO2 from the tree clearing and the solar panel 
manufacturing results in total CO2-equivalent emissions of 1,156 MT of CO2.  How does 
this compare to the avoided CO2 emissions from the production of “clean” solar 
electricity? 
The starting point for this calculation is the US Environmental Protection 
Agency’s Emissions and Generation Resource Database (“eGRID”), which produces 
annual CO2 output emission rates for 26 electricity sub-regions in the United States, 
including the New England grid.  Two categories of rates are published: annual total 
output emission rates, and annual non-baseload output emission rates.  eGRID 
recommends using non-baseload emission rates for calculating the avoided CO2 
emissions from reductions in electricity use from the grid.  Such reductions could occur 
from electricity conservation measures or from connecting a solar array into the grid.  
Relative to the national average, the New England grid pollutes less:  1,106.82 pounds of 
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CO2 per megawatt-hour (equivalent to 1.10682 lb/kWh), compared to the national 
average of 1,520.2 pounds of CO2 per megawatt-hour. 10 
The total predicted electricity production from both solar arrays is 22,088,317 
kWh over its 25-year lifespan.  By multiplying this total electricity production by the 
New England grid’s annual non-baseload output emission rate of 1.10682 lb/kWh, we 
can calculate that a total of 24,447,791 pounds of CO2 emissions will be avoided, which 
is equivalent to 11,089.3 metric tons of CO2.  
 Lastly, this net carbon dioxide accounting exercise should take into account the 
research project’s conversion of land-use from raising livestock (beef cattle) to solar 
electricity generation.  Indeed, when installation of the solar arrays began in May 2015, 
the 10 beef cows on the land were taken for slaughter (not simply moved to another 
field).  The United Kingdom’s Greenhouse Gas Inventory Report, 1990-201211 indicates 
that beef cattle emit 55 kilograms of methane (CH4) per year (1/2 as much as a dairy 
cow), equivalent to 1.4 MT of CO2 equivalent.  10 beef cows would thus emit 14 MT 
CO2-equivalent per year.  Considering the 25-year lifespan of the installed solar arrays, 
350 MT CO2-equivalent will be avoided due to this land use change. 
Table 7 below summarizes this net carbon dioxide accounting exercise, over the 
25-year lifespan of the solar installations. Net emissions are projected to be negative 
10,283 MT of CO2-equivalent.  In summary, avoided carbon dioxide emissions as a 
                                                
10 The New England grid’s emission rate is lower than the national average mainly because of its relatively 




tory_Report_Annexes_1990-2012.pdf, downloaded 1/8/16 
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result of the solar arrays are about 11 times greater than increased carbon dioxide due to 
tree clearing, solar panel manufacture and installation.    
Table 7: Net Carbon Dioxide Equivalent Accounting of Two Solar Installations 
Activity Emissions of Carbon Dioxide-
equivalent 
(MT CO2-e) 
Tree Removal (loss of carbon sequestration over 25 years) 320 
Tree Removal (loss of carbon absorption over 25 years)   63 
Manufacture, Installation and Decommissioning of Solar Panels 
(CO2 emissions) 
773 
Sub-Total of Increased CO2 1,156 
Solar-generated Electricity (avoided CO2 emissions) 11,089 
Removal of 10 beef cows from land (avoided CH4 emissions)     350 
Sub-Total of Decreased CO2 11,439 
NET -10,283 
 
3.3 Concluding Remarks 
It makes sense that solar installations result in net decreases in carbon dioxide 
emissions, through their substitution for electricity generated mostly from fossil fuels.  
Note that if this solar electricity simply substitutes for some other renewable electricity 
source, such as hydropower, these benefits would not be so great.  But hydropower has its 
own carbon dioxide emissions, if only related to the manufacture of massive quantities of 
cement required to build hydropower plants. 
 Using the economic value of $80 (2011 dollars)/MT CO2 adopted by the 
Vermont Public Service Board for its own cost-benefit analysis, the total economic value 
of these net avoided carbon emissions would be $887,146 (undiscounted) over 25 years.  
This is almost a 30% addition in economic value to the $3,158,445 in total revenue 
expected to be generated from the sale of electricity over 25 years from these two arrays. 
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Such a high economic value of the avoided carbon emissions enabled by solar 
generation raises a question of tradeoffs.  For example, given the difficulty of finding 
suitable land for solar installations in Vermont (close to 3-phase electricity, good 
southern exposure, avoidance of prime agricultural land, avoidance of high scenic value 
view sheds, etc.), it may be worth considering some loss of an ecosystem service (e.g. 
water purification by wetlands) in exchange for some gain in avoided CO2 emissions.  
This would be an increase in global benefits, but with localized costs.  This question is 
best considered within the framework of public policy at the nexus of environment, 
energy and economics, the topic of the next chapter. 
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Currently, Vermont’s subsidization of solar energy installations consists of three 
primary policy initiatives:  
(1)  the 7.2% investment tax credit (ITC);  
(2)  the $0.04 “solar adder”; and 
(3)  the SPEED (Sustainably Priced Energy Development) program.   
The investment tax credit (ITC) is available to Vermont taxpayers, and to 
companies structured as Limited Liability Corporations such that the profits or losses of 
that LLC flow through to the personal income tax of a Vermonter.  (It is not available to a 
standard C corporation company, which pays its own taxes to the State government.)  As 
a simple hypothetical example, if the total cost basis of a solar installation were 
$100,000, then the solar investor would be able to deduct $7,200 off of their taxes for the 
tax year in which the solar array became operational.  (Note that this deduction is not off 
of taxable income, but off of final tax obligations.)  The State would forego this $7,200 in 
tax revenue. 
The “solar adder” is an additional net metering credit incorporated into the state 
legislation establishing the concept of solar net metering.  The provision is included in 
H.56, Vermont Energy Act of 2011, and requires utilities to issue an additional credit on 
top of the base residential per kilowatt-hour credit that solar net metering customers 
qualify for.  That is, solar net metering customers who either own solar arrays themselves 
and can therefore claim the net metering credits produced by their solar array (measured 
in kilowatt-hours), or solar net metering customers who purchase these net metering 
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credits from a solar array owner, are able to deduct from their electricity bill the value of 
these credits accrued each billing cycle.  As discussed in Chapter 2, the credit is 
composed of the utility’s base residential rate 1 (currently $0.147/kilowatt-hour) plus the 
“solar adder” (currently $0.043/kilowatt-hour), for a total credit value of $0.19/kilowatt-
hour.  The credit received is almost 30% higher in value on a per kilowatt-hour basis than 
what the customer pays the utility for their electricity, which provides an incentive to 
invest in solar energy. 
Solar net metering is allowed for solar arrays up to 500 kilowatt AC (measured as 
nameplate capacity).  Solar arrays larger than 500 KW are regulated under different 
legislation, the SPEED Program, to be replaced by the Renewable Energy Standard and 
Energy Transformation (“RESET”) Program in 2017.  A 500 KW solar array produces 
about 850,000 kilowatt-hours (kWh) in Vermont if it is appropriately sited, which is 
enough electricity to power over 120 residential homes (at 7,000 kWh/year per 
residence), or the annual electricity needs of larger entities. This has incentivized 
“commercial scale net metering” to expand very quickly in Vermont over the past 4 
years, to service the demand for these net metering credits from schools, towns, 
universities and private companies with large electricity bills.   
Private companies in Vermont have mobilized many tens of millions of dollars 
(from out-of-state and within-state sources) since 2011 from third-party investors to 
finance commercial scale net metering.  It is this infusion of private capital, most of it 
from outside the state, that has really driven progress in achieving Vermont’s CEP 2011 
goals with respect to solar energy.  Many of those companies are, in turn, financed 
through large national tax equity funds interested in capturing the 30% federal investment 
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tax credit (ITC) and the benefits of accelerated depreciation (Modified Accelerated Cost 
Recovery System, MACRS).  As discussed in Chapter 2, the federal ITC was established 
through legislation as part of the “Obama Stimulus Package” of 2009, a response to the 
global economic recession of 2008-2009.  It was due to expire at the end of 2016 but the 
Republic-controlled U.S. Congress surprisingly renewed it in December 2015, as part of 
much larger federal budget negotiations.  With the latest legislation, it is due to expire in 
2021. 
Under commercial scale net metering, companies own the solar arrays and sell the 
solar net metering credits to customers of the same utility in which the array is located.  
The credits (worth $0.19/kWh) are sold at a discount to customers, at a price reached 
through negotiation.  As private companies have invested and increased the supply of net 
metering credits on the market, the price per kWh of the credit to consumers has 
declined, from about $0.185/kWh (a 5% discount on the value of the net metering credit) 
in 2013 to $0.1672/kWh (a 12% discount) in 2014, to $0.1558/kWh (18% discount) in 
2015.12  This is good for electricity consumers, and illustrates the competitive private 
market at work: raising capital and creating a market for “solar services”, with prices 
falling for consumers as more suppliers enter the market and compete for customers. 
The SPEED Program (Sustainably Priced Energy Development Program) was 
established through state legislation in June 2005 through Vermont Statute 8005 and 
8001.  It was significantly amended in 2009 by the Vermont Energy Act (H.45), and then 
amended again in 2012 and 2013.  Under this Act, a “feed-in tariff” was established to 
                                                
12 This data comes from the researcher’s own work in 2015 and as a private developer installing and 
marketing commercial-scale net metered solar arrays. 
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provide renewable energy developers a long-term fixed price contract for the electricity 
solar by them to the utilities.   This price was fixed by the Vermont Public Service Board 
at $0.257/kilowatt-hour, a high price relative to actual costs, and a major incentive for 
large scale renewable energy investors.  Because this program covers all kinds of 
renewable energy (solar, wind, hydro, methane) and not just solar, it will not be analyzed 
in this chapter.  Furthermore, the SPEED program is basically defunct as very few 
SPEED programs have been approved in 2014-2015, and it will be replaced by the 
RESET program in 2017, although the final terms of the RESET program have not yet 
been set by the Legislature and Public Service Board. 
 
4.1 The Social Return to Solar Investment 
 
Both private and social discount rates are used in cost-benefit analysis, particularly 
for calculation of net present values of investment projects.  The social discount rate is 
used for determining whether, from a public policy perspective, the social benefits of a 
project outweigh the social costs when discounted into present dollar terms.  Contrary to 
a private discount rate, which only calculates the costs and benefits to the private 
investor, the social discount rate examines the costs and benefits of the project from the 
perspective of a multi-generational society including all citizens (or taxpayers, or 
electricity ratepayers).  This includes examination of the costs and benefits of a project 
not only on people living today, but also on people living in future generations.   In other 
words, the social discount rate reflects society’s relative valuation of today’s well-being 
versus well-being in the future. 
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An excellent example of the application of the social discount rate to renewable 
energy projects can be found in the Vermont Department of Public Service report, 
“Evaluation of Net Metering in Vermont Conducted Pursuant to Act 125 of 2012” 
(2013).  This evaluation included an analysis of whether, and to what extent, customers 
using solar net metering systems under Vermont statutes are subsidized by other retail 
electric customers (ratepayers) who do not employ net metering.   That is, the Department 
of Public Service (DPS) conducted a cost-benefit analysis from a statewide ratepayer 
perspective, as opposed to the perspective of a private solar investor.    
The social costs examined by the DPS included: lost revenue to the utilities 
(because solar net metering customers pay private solar array owners for solar net 
metering credits and use those credits to reduce what they pay to the utilities); the 
Vermont “solar adder”; and net metering-related administrative costs for the utilities.  
The social benefits were: avoided energy costs (avoided line losses and avoided 
internalized greenhouse gas emissions); avoided electricity capacity costs; avoided 
regional transmission costs (ISO-New England grid); avoided in-state transmission and 
distribution costs; and market price suppression.   
For a social discount rate, the DPS used two rates.  The first was the “ratepayer” 
discount rate, based on the cost of capital to individual ratepayers (essentially the same as 
a private discount rate).  The second was the “statewide” social discount rate, “based on a 
societal perspective on time preference in which the State as a whole has less strong time 
preference than do individual ratepayers” (DPS, 2015). 
The ratepayer discount rate was set at 8.03%, derived from analysis by the U.S. 
Department of Energy for use in conducting cost-benefit analyses of energy conservation 
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standards for electrical appliances.  The basis for this is the cost of capital faced by 
residential, commercial and industrial energy consumers.  By contrast, the statewide 
social discount rate used by the DPS is 5.52%.  The lower social rate (2.5 percentage 
points less than the private rate) has the effect of making future generations more 
“present” in public decision-making related to solar investment projects. 
Interestingly, the DPS also conducted two separate evaluations of the social costs 
and benefits of solar net metering, including and excluding the benefits of avoided 
greenhouse gas emissions.   Keeping the social discount rate the same for both 
evaluations, the DPS did one cost-benefit calculation including the estimated benefit of 
avoided greenhouse gas emissions (valued at $80/metric ton of CO2, in 2011 dollars), 
and a second cost-benefit calculation excluding those benefits.   In the first case the DPS 
“internalized” these avoided greenhouse gas emissions into the cost-benefit analysis as a 
social benefit to all Vermonters. 
This example is raised because whether a 100 KW AC solar array generated a Net 
Benefit or a Net Cost to either ratepayers or Vermont’s citizens more generally was 
largely determined by whether or not the benefits of avoided greenhouse gas emissions 
were included in the calculation.  If the value of avoided greenhouse gas emissions was 
not included, there is a net cost to Vermont’s citizens (using the social discount rate of 
5.52%) of $0.006/kilowatt-hour.  By contrast, if the value of avoided greenhouse gas 
emissions is included, there is a net benefit to Vermont’s citizens of $0.036/kilowatt-
hour.  A 100 KW array produces about 170,000 kWh/year, which results in an annual net 
benefit to Vermont’s citizens of over $6,000/year for at least 20 years. 
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This case is a classic example of standard environmental economics at work, a 
perspective that became popular in the 1970s following the Clean Air Act.  The cost of 
atmospheric pollution from burning of fossil fuels for electricity generation is 
internalized in the market decision, and a social discount rate takes into account project 
benefits and costs on both present and future generations. 
A somewhat similar exercise was undertaken for the purposes of this research 
project.  The net carbon dioxide emissions avoided due to the solar array, after 
consideration of the carbon dioxide emissions related to tree clearing conducted, were 
valued, using the Vermont DPS’s figure of $80/MT CO2 ($2011).  That is, the positive 
externality of reduced carbon emissions was incorporated into the financial rate of return.  
When this was done the social NPV of the 66 KW project jumped from $30,006 to 
$76,194, and the 25-year social IRR increased from 21% to 41% (Appendix 2.10).  This 
suggests that there is a justification for continued subsidization of solar installations by 
both State and Federal authorities.   
The value of carbon emissions per ton is a widely debated figure in academic and 
public policy circles.  Another way of looking at this figure in the context of this research 
project is to calculate the actual social cost per avoided ton of CO2 emissions.  In this 
case, the social cost is the foregone tax revenues due to the federal and state investment 
tax credits, which for the two solar arrays totaled $717,663.  In exchange for these 
foregone tax revenues, society avoided carbon emissions of 11,089.3 MT CO2.  This is 
equivalent to $65/MT of avoided CO2 emissions.  If this is the cost to society of avoided 




4.1.1 Renewable Energy Certificates (RECs) vs. the Social Cost of Carbon 
In Chapter 2 mention was made of Renewable Energy Certificates (RECs), which 
are generated by renewable energy facilities such as solar arrays and sold in the market to 
utilities and other customers in the ISO-New England grid area to offset their fossil fuel-
generated electricity.  Utilities in Massachusetts and Connecticut buy these RECs from 
renewable electricity generators in Vermont to comply with Renewable Energy Portfolio 
standards passed by their state legislatures.  The current market price for these RECs is 
$30-50/megawatt-hour (equivalent to $0.03-0.05/kWh). 
As an academic exercise, it is interesting to compare the market value of those 
RECs with the social cost of carbon as determined by the Vermont Department of Public 
Service.  The same financial model used to calculate the social IRR was used.  Instead of 
the social value of avoided carbon emissions, the model incorporated the sale of RECs at 
$0.03/kWh, assuming the market price remains stable for 10 years and declines to half of 
that for years 11-20.  The result is quite interesting.  This drives up the IRR for the 
investor from 21% (no RECs) to 29.5% (RECs), and the NPV from $30,142 to $45,581, 
almost an identical impact as incorporating the social value of avoided carbon emissions 
into the model.  In this case, the private market appears to have priced RECs at a level 
roughly equivalent to the social value of avoided carbon emissions. 
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4.2  Relative Importance of Federal and State Public Policies to Promote Solar 
Installations 
Returning to the focus on the federal ITC, Vermont ITC and the “solar adder”, 
how important are they for incentivizing private investment in solar energy and for 
achieving the State’s CEP 2011 goals?  As seen in Chapter 2, financial models were 
constructed which calculate the net present value (NPV) and internal rate of return of a 
66 KW AC solar array and a 500 KW AC array, over a 25-year period.  The model 
incorporates all capital and O&M costs, federal tax credits, MACRS depreciation, the 
state investment tax credit, the solar adder, etc.  For the 66 KW AC array, the average 
annual IRR is 0.8% and the NPV is positive ($30,006 at 5% discount rate), meaning the 
project is worth doing relative to nothing at all, but perhaps less profitable than an 
alternative investment of the same amount of capital.  For the 500 KW AC array, the 
average annual IRR is 5.8% and the NPV is $603,410 at a 5% discount rate. 
Table 4 in Chapter 2 showed the impact on the estimated NPV of the project as 
the state ITC and solar adder change.  The bottom line is that both the Vermont ITC and 
the solar adder could be eliminated and the solar project would still generate a positive 
NPV.  That does not mean the investor would develop the project, because that would 
depend on what alternative investment could be made and if that alternative would 
generate a higher NPV.  But this does suggest that the solar adder and ITC could be at 
least reduced without a major negative impact on solar development. 
 Table 8 below shows the relative impact of the different public subsidies for 
solar investment for both solar arrays.  The first scenario shows the “base case” private 
average annual return and net present value for both arrays.  The second scenario shows 
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the same figures without the federal ITC, while the third scenario shows the same figures 
without the Vermont ITC.  The fourth scenario shows the returns if both ITCs are 
eliminated, and the fifth scenario models returns with the ITCs but without the “solar 
adder”.  The last scenario is the result if all existing subsidies are eliminated. 
Table 8: Relative Impact of Public Subsidies on Solar Investment 
  66 KW AC Array 500 KW AC Array 







IRR 5% discount 
Base Case 0.84% $30,006 5.80% $603,410 
No Federal ITC 0.01% -$20,252 2.24% $219,587 
No State ITC 0.38% $14,789 3.68% $486,476 
No Federal or State ITC 0.01% -$35,605 2.00% $102,652 
No Solar Adder (yes ITCs) 0.47% $15,800 5.12% $468,388 
No ITCs/No Solar Adder -0.05% -$49,948 1.77% -$32,370 
 
 
The federal ITC clearly has the biggest impact; without it the NPV of the 66 KW 
AC array is negative and the IRR of the 500 KW AC array is halved to below normal 
investor expectations.  The state ITC has less of an impact, but more than the solar adder 
does; returns are higher across the board if the solar adder is eliminated but the state ITC 
is maintained.  If all subsidies are eliminated, the net present values for both arrays are 
negative, and the average annual IRRs are so low that few investors would go forward.  
In summary, without public subsidies, solar investment is not yet profitable. 
That said, Table 8 shows that the solar adder could be eliminated altogether and 
the 500 KW solar array would still generate a 5% annual average IRR, so long as both 
ITCs are maintained at current levels, which may be sufficient for may environmentally-
motivated investors.  Table 9 pushes this analysis one step further, offering a sensitivity 
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analysis of the federal and state ITCs for the 500 KW solar array.  It shows that the state 
ITC could be reduced from 7.2 % to 5.5% and the average return for the investor would 
still be 5% per year, if the solar adder was maintained. 
Table 9: Relative Importance of Federal and State ITCs 
Sensitivity Analysis of Average Annual IRR to Changes in Federal and State ITC rates 
  Federal Investment Tax Credit 
Avg. Annual 
IRR 5.8% 0% 10% 15% 20% 25% 30% 35% 
  2% 2.1% 2.4% 2.6% 2.9% 3.3% 4.1% 5.5% 
  3% 2.1% 2.4% 2.6% 3.0% 3.5% 4.3% 6.1% 
Vermont 4% 2.1% 2.5% 2.7% 3.1% 3.6% 4.6% 6.8% 
ITC 5.5% 2.2% 2.5% 2.8% 3.2% 3.9% 5.0% 8.6% 
  6% 2.2% 2.6% 2.9% 3.3% 4.0% 5.2% 9.5% 
  7% 2.2% 2.6% 3.0% 3.4% 4.2% 5.7% 12.3% 
  8% 2.3% 2.7% 3.0% 3.6% 4.4% 6.3% 19.6% 
 
 
The financial models used for these calculations assume that electricity rates will 
increase by 2% per year, on average, over the next 25 years.  This reflects a compromise 
between the historical average annual increase of about 3% over the past 30 years, and 
the fact that Vermont electricity rates have remained quite stable over the past 5 years, in 
large part because of the sale of RECs to out-of-state utilities by Vermont’s utilities.  That 
extra income from REC sales has kept rates from going up.  But what if electricity rates 
change significantly in the future? 
Table 10 shows the impact of fluctuating electricity rates.  Scenarios range from a 
4% per year DECREASE in electricity rates to a 6% per year INCREASE in electricity 
rates over the next 25 years.  Interestingly, swings in electricity rates have very little 
impact on average annual IRR.  This is because the value of the net metering credit is 
pegged to electricity rates; if rates go up so does the value of the net metering credit so 
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returns actually increase slightly.  If electricity rates go down, the average annual IRR 
does not change.  By contrast, the federal ITC has a significant impact on the IRR, 
irrespective of changes in electricity rates. 
Table 10: Effect on Average Annual IRR of 500 KW Array due to Changes in Electricity Rates 
 
  Annual % Increase in Electricity Rates 
Avg. Annual 
IRR 5.8% -4% -2% 0% 1% 2% 4.0% 6% 
  0% 2.2% 2.2% 2.2% 2.2% 2.2% 2.3% 2.3% 
  10% 2.6% 2.6% 2.6% 2.6% 2.7% 2.7% 2.7% 
Federal 15% 2.9% 2.9% 2.9% 3.0% 3.0% 3.0% 3.0% 
ITC 20% 3.4% 3.4% 3.4% 3.4% 3.4% 3.5% 3.5% 
  25% 4.1% 4.1% 4.2% 4.2% 4.2% 4.2% 4.3% 
  30% 5.7% 5.7% 5.8% 5.8% 5.8% 5.8% 5.9% 
  35% 13.0% 13.1% 13.1% 13.1% 13.2% 13.2% 13.3% 
 
Additional uncertainties concern the cost per watt for solar energy in 2020, which 
will be driven by competitive global market forces.  With the majority of solar modules 
being produced in China, Taiwan and Germany, the global supply and demand for solar 
panels will determine the primary cost of solar arrays in Vermont.  Figure 6 below, from 
the International Renewable Energy Agency (IRENA, 2015), shows the cost per watt of 
solar panels has fallen extremely rapidly over the past 5 years (largely due to massive 
investments in solar energy in China, Germany, the U.S., Japan, Italy and Spain, which 





Figure 6: Cost in US$ per Solar Panel Watt and Total Gigawatts Installed, 2000-2014 
Source: IRENA (2015) 
 
 
However, it is not clear what the cost trend will be between now and 2020.   Solar 
energy investment in Spain and Germany has slowed considerably, while the extension of 
the federal ITC in the U.S. should keep U.S. solar investment steady.   Current 
macroeconomic challenges facing China may reduce its demand for solar panels. 
Figure 7 below shows the calculations of the costs of renewable energy compared 
to fossil fuels in 2014 and 2025 by the International Renewable Energy Agency 
(IRENA).  For solar electricity (the first purple bar on the left side of the figure), average 
US$/kWh generation costs in 2014 are still above those of fossil fuels ($0.08-
$0.10/kWh).  But IRENA predicts that average US$/kWh costs for solar electricity 
generation in 2025 will be within the same band as the costs for electricity generated by 
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fossil fuels. This is what is referred to as “cost parity”.  If this is indeed the case, then 
little case remains for Vermont or the Federal Government to subsidize solar energy 
installations beyond 2020 to meet long-term renewable energy goals on purely standard 
economic terms.  These ICTs could be progressively phased out, so solar development 
companies could make an orderly transition.13 
 
 
Figure 7: Predicted Future Costs of Renewable Power Generation Compared to Fossil Fuels 
Source: IRENA (2015) 
 
 
The same financial model for the 66 KW AC solar array used in the earlier 
example illustrates this same fact.  Assuming the federal ITC remains at 30% until 2020, 
MACRS depreciation remains, and the cost/watt for solar panels declines by 20% 
between 2015 and 2020, is there any need for state subsidies?  Table 11 shows the same 
                                                
13 Ideally, subsidies for fossil fuels, such as the oil depletion allowance, will also be phased out by then. 
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sensitivity analysis as Table 4 but with these revised assumptions concerning federal 
subsidies and cost/watt incorporated for the year 2020. 
Table 11: Declining Cost Scenarios and Importance of State Solar Subsidies 
Sensitivity Analysis of NPV of Solar Project with Declining Cost Scenario 
Two-Variable Data Table: Vermont Investment Tax Credit and “Solar Adder” 
 
 
Vermont Investment Tax Credit 
NPV ($2,643) 0% 2% 4% 6% 7% 8% 10% 
 
$0.00 -$2,643 $1,622 $5,887 $10,152 $12,710 $14,416 $18,681 
Solar $0.02 $4,028 $8,293 $12,558 $16,823 $19,381 $21,087 $25,352 
Adder/ $0.03 $7,364 $11,629 $15,893 $20,158 $22,717 $24,423 $28,688 
kWh $0.04 $11,700 $15,965 $20,229 $24,494 $27,053 $28,759 $33,024 
 
$0.05 $14,035 $18,300 $22,564 $26,829 $29,388 $31,094 $35,359 
 
$0.06 $17,370 $21,635 $25,900 $30,165 $32,723 $34,429 $38,694 
 
 
Table 11 shows that if the Vermont ITC and the “solar adder” are both eliminated 
in 2020, the net present value of this 66 KW solar project goes negative (after-tax IRR of 
4.4%, below the 5% discount rate), even with 20% lower costs per watt.   But it also 
suggests that both subsidies could be reduced significantly without generating a negative 
NPV, although the annual returns to an investor are still quite low. 
Taking a broader view of solar energy investment from the perspective of 
ecological economics, state subsidies of solar energy generation may still be justified in 
2020.   This could be, for example, if the state places a very high value on the cost of 
carbon being released into the air from fossil fuel-generated electricity, or on increasing 
its independence from renewable energy sources from outside the State (e.g. 
HydroQuebec).  Indeed, this was the case made by the Vermont Public Service Board, in 
its “Evaluation of Net Metering in Vermont Conducted Pursuant to Act 125 of 2012”, 
discussed earlier in this chapter.   
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4.3  Environmental Public Policy and Solar Development 
The Vermont Agency for Natural Resources (ANR) recently completed a major 
study entitled, “Environmental and Land Use Impacts of Renewable Electric Generation 
in Vermont”, as mandated by Act 56 passed by the Vermont Legislature in 2015.  In that 
study, ANR concluded that Vermont’s “renewable electricity generation goals can be 
achieved while minimizing significant environmental and land use impacts, provided new 
generation is well planned and well sited. Well sited renewable generation that displaces 
fossil fuel use is a critical climate change mitigation strategy” (p. 3).  This is an important 
point that acknowledges avoided carbon emissions as a key environmental benefit of 
solar installations. 
Public policy measures to assess and manage the impacts of solar installations on 
wetlands (and, by extension, on water purification by wetlands) are already well-
established in Vermont.  Every application for a Certificate of Public Good to the Public 
Service Board for moderate to large solar installations must demonstrate that the project 
does not pose significant environmental risks, as reviewed and formally approved in 
writing by the Vermont Agency of Natural Resources.  Risks assessed include impact on 
rare, threatened or endangered species (RTE), bat habitat, deer wintering area, bear 
habitat, and wetlands.  Given that landowners much prefer to lease or sell their least 
productive land for solar development, many solar arrays are proposed to be installed 
adjacent to wetlands, on marginal agricultural land.    
The proponent of a solar array must therefore carry out a thorough assessment of 
the solar array’s potential impact on wetland areas.  This includes a formal wetland 
delineation (based on hydrology, vegetation and soil samples) and submission of 
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technical reports to specialists at the Agency of Natural Resources.  If the array is to be 
located within 100 feet of a proposed wetland, ANR specialists must conduct site visits to 
verify the data in the submitted technical report.  If any portion of the array’s construction 
(including fencing) might come into contact with any portion of a Class I or II wetland, 
or the 50-foot wetland buffer extending around the wetland, then a Wetland Permit 
Application must be filed with the Agency of Natural Resources (note this could be a 
little as 25 square feet inside a wetland buffer).  This application includes calculations of 
the spatial area affected and an estimate of the degree of disturbance of wetland 
functioning.   The solar developer then pays a fee to ANR based on the area of wetland or 
wetland buffer to be disturbed ($0.75/square foot for wetland and $0.25/square foot for 
wetland buffer).14  Typically, the application also includes mitigation measures, and 
sometimes compensation (wetland restoration somewhere else).  This is a lengthy (3-4 
months) and costly process, which is sometimes successful for the solar developer and 
sometimes not. 
Interestingly, no study exists which indicates that placement of a solar array in a 
wetland buffer area, or even in a wetland itself, disturbs the functioning and ecosystem 
values of that wetland.  Ground-mounted arrays have no moving parts, and no oils or 
lubricants.   Their disturbance to the wetland lies in the installation process of poles being 
driven into the ground and the shading of the wetland, which could interrupt 
photosynthesis and other biochemical processes occurring in the wetland due to sunlight.  
                                                
14 At this per square foot value, a wetland is worth $43,560/acre, more than 4 times greater than its 
estimated value in the Vermont Genuine Progress Indicator ($6,473 in $2000 equivalent to $9,031 in 
$2015).  Vermont Wetland Rules (2010) provide no justification for this fee/square foot. 
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To its credit, ANR’s wetland rules do allow for a conditional use, when it is shown that 
the proposed activity will not have undue adverse impacts on the significant functions of 
the wetland (Vermont Wetland Rules, Water Resources Board, 2002).  But ANR has so 
far discouraged scientific experiments with solar arrays in order to assess whether or not 
they have undue adverse impacts on wetland functions, so this has not been allowed in 
practice.   
Just as the Vermont Agency of Natural Resources (ANR) requires solar 
developers to assess potential impact and environmental risk on wetlands, so could ANR 
require developers to assess the potential impact of the solar array on carbon 
sequestration, absorption and emissions.  This could be part of the environmental review 
required by ANR and the Public Service Board for the permitting of any moderate to 
large solar installation.  The policy would require the solar developer to contract a 
qualified forestry specialist and a qualified wetland specialist to conduct an inventory of 
all trees, wetlands and soils which would be removed or disturbed in such as way as to 
release the carbon they have stored.   
Similar to the detailed approach described in Chapter 3, trees would be mapped 
and inventoried by species, number and (if less than 100 trees are involved) actual 
diameter at breast height.  Otherwise, using the USDA Forest Service estimates of 50-75 
metric tons of biomass per acre of Vermont timberland, the total biomass would be 
calculated by the number of acres cleared.  In both cases, total above-ground biomass and 
lost carbon sequestration and absorption, measured in metric tons, would be measured.   
Using an authorized dollar value per metric ton of carbon (perhaps the $80/metric ton 
used by the Public Service Board), this loss of ecosystem function would be translated 
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into a specific dollar cost for society.  This would be captured in a report submitted to 
ANR as part of the permitting process. 
Depending on the extent of loss, the solar developer would also propose 
compensation measures.  This could include, for example, new tree plantings or forest 
conservation in some other area, equal in value to the extent of the loss. 
To be fair to the process, however, it is suggested that just as the loss of carbon 
sequestration and absorption due to the installation of a solar array be measured and 
valued, so should the avoidance of carbon emissions due to the installation of that same 
solar array be measured and valued.  That is, a solar array produces electricity that would 
otherwise be produced by either wind, hydropower or, more likely, the burning of fossil 
fuel (coal, natural gas, oil) according to the production portfolio of the regional grid.    
Using the U.S. Environmental Protection Agency’s (EPA) carbon equivalency calculator, 
it is possible to benchmark the carbon emissions avoided by a solar array according to a 
national fuel mix.   In this way a form of net carbon accounting due to the solar array 
could be conducted.  These net avoided carbon emissions could be compared to, say, the 
diminished functioning of wetlands due to their conversion into sites for solar arrays.  
This trade-off is shown in Table 12, for a 500 KW solar array, assuming that all 4 acres 
of the solar array at to be installed in a wetland, and assuming total loss of wetland 
functioning because of this (a very unlikely result).  The economic value of the wetland 
per acre is taken from the Vermont Genuine Progress Indicator’s calculations.  
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Table 12: Simulated Tradeoff Analysis Between Wetlands and Solar Arrays 
 
Value of Wetland   
Value of Wetland per Acre ($2000)\1 $6,473 
Acres Required for a 500 KW solar array 4 
Total Annual Value of Wetlands Loss for 500 KW solar array ($2000) $25,892 
Duration of Wetlands Lost Due to Solar Array (years) 25 
Total Value of Lost Wetland Ecosystem Services ($2000) $647,300 
    
Value of Avoided Carbon Emissions   
Average Annual electricity from 500 KW solar array over 25 years (kWh)  807,500  
Greenhouse Gas Equivalent of Annual Electricity Production (MT CO2)\2 557 
Value per MT Ton CO2/year in $2000\3 $61.42 
Total Annual Value of avoided carbon emissions ($2000) $40,828 
Solar Array Lifespan (years) 25 
Total Global Climate Change Mitigation Value ($2000) $855,274 
    
\1: http://www.vtgpi.org/indicators/environmental/Cost_of_Net_Wetlands_Change.html   
\2: http://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator   
\3: Vermont Public Service Board Evaluation of Net Metering, $80 MT C $2011,  
deflated to $2000.   
 
 
Section 248(b)(5) of Vermont’s net metering statutes states that the Public Service 
Board shall not issue a certificate of public good unless it finds that the project “will not 
have an undue adverse effect on aesthetics, historic sites, air and water purity, the natural 
environment, the use of natural resources, and the public health and safety, with due 
consideration having been given to the criteria specified in 10 V.S.A. §§ 1424a(d) and 
6086(a)(1) through (8) and (9)(K) and greenhouse gas impacts” (author’s italics added).  
But the reality is that greenhouse gas impacts are not taken into consideration by ANR or 
the PSB in their deliberations about a solar project’s environmental impact. 
While it is certainly preferable to establish solar siting criteria such that cleared 
areas outside of wetlands are developed first, Table 12 suggests that an absolutist position 
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that there can be no net loss of wetlands for any reason may not be good environmental 
policy.  At a minimum, it is suggested that this sort of tradeoff analysis be conducted and 
included in a report submitted to ANR as part of the permitting process for the Certificate 
of Public Good from the Vermont Public Service Board (PSB).  ANR and the 
Department of Public Service would review this report and indicate its position to the 
PSB.  Just as with wetlands preservation, ANR would be tasked with monitoring the 
installation of solar arrays and their impact on carbon sequestration.  If the quantity of 
trees actually cleared for the array exceeds what was estimated during the permitting 
process, the solar developer could be assessed a hefty fine.  This would discourage future 
solar developers from understating their estimates of the negative impact of solar arrays 
on carbon sequestration. 
Interestingly, ANR’s “Environmental and Land Use Impacts of Renewable 
Electric Generation in Vermont” (2015) encourages the PSB to require lifecycle 
greenhouse gas analysis of solar electricity projects, considering both the loss of carbon 
sequestration and the GHGs released during the lifecycle of a solar installation 
(construction, transportation, operation, decommissioning, etc.), as outlined in Chapter 3.  
However, ANR does not call for any comparison of these net carbon reductions with 
possible losses of other ecosystem services.  
4.4 Concluding Remarks 
  
The competitive forces of the private market and the Federal ITC should make 
solar energy investments economically profitable through 2020, although with low to 
moderate average annual rates of return, even if all state subsidies are substantially 
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reduced.  The state ITC and “solar adder” are not required at their current levels.  
However, inclusion of the accompanying environmental benefits of solar arrays makes 
them much more advantageous from a societal view.  This justifies the continuation of 
financial subsidies for solar investment and/or expansion of non-financial incentives 
(such as, more transparent and faster permitting processes or more flexible solar siting 
regulations).   Over time, a fuller appreciation of the environmental costs and benefits of 
solar installations, and upon whom those costs and benefits fall, will help to determine 
what type and degree of public subsidization is justified. 
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CHAPTER 5: THE FUTURE OF SOLAR FARMING IN VERMONT 
 
As highlighted in ANR’s “Environmental and Land Use Impacts of Renewable 
Electric Generation in Vermont”, beginning in 2017, Vermont’s new Renewable Energy 
Standard (RES) will require utilities to increase their supply of electricity from 55% 
renewable in 2017 to 75% in 2032 (including out of state sources such as Hydro-
Quebec).  The RES also requires utilities to increase their use of distributed renewable 
generation (installations < 5 MW AC), from 1% in 2017 to 10% in 2032. This 
requirement is likely to drive new solar installations for the next 15 years.  A big 
outstanding question is whether that distributed generation (DG) will be owned by the 
utilities themselves, or by private solar developers who install solar facilities and sign 
long-term Power Purchase Agreements with the utilities. 
The Vermont Public Service Department’s 2016 Comprehensive Energy Plan 
estimates that between 2017 and 2050 approximately 13,000 acres of land will need to be 
developed for solar electricity in order to achieve CEP targets, which compares to just 
1,000 acres of land developed for this purpose so far.   In summary, the solar 
development boom is just getting underway.   
5.1 Operational Research Project Hypotheses 
This operational research project set out to test three hypotheses, namely: 
 
Hypothesis 1: An investor with approximately $250,000 currently placed in the bond  
market (or available through a home equity loan) could generate attractive financial 
returns by investing in solar electricity generation, and possibly higher returns than in 
the bond market over a 25-year period. 
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Hypothesis 2: Federal and State public subsidies are no longer needed or justified to 
generate positive private returns to solar investors and positive social returns to society. 
Hypothesis 3: The net greenhouse gas reductions (benefits) from converting marginal 
agricultural land to solar energy generation outweigh the greenhouse gas emissions 
(costs) involved in this conversion. 
 
Based on actual costs and projected benefits from a 66 KW AC solar array that is 
individually owned and operated, Hypothesis 1 cannot be confirmed.  The calculated 
actual average annual IRR approximates but does not exceed those in the US bond 
markets (U.S. Treasury bonds or municipal bonds).  However, it is entirely possible that 
the researcher’s own inexperience in solar development was a major factor in the small 
array’s relatively low profitability; the simulated financial model for a 66 KW AC array 
indicated that an average annual IRR of 3.5% should be achievable, above prevailing 
bond rates.  Furthermore, the larger solar array (e.g. 500 KW AC) does indicate a very 
attractive and low-risk average annual rate of return, above even stock market averages. 
Based on the analysis of what factors most influence solar investment and its 
returns to society, Hypothesis 2 is neither confirmed nor rejected.  Some level of public 
subsidization of solar electricity is needed to drive private investment, particularly if the 
positive externality of avoided carbon emissions is internalized into social rate of return 
calculations.  But current levels of state subsidies are not needed to ensure the 
profitability of solar investment.  For example, the Vermont ITC and “solar adder” could 
both be cut by half, while maintaining the federal ITC, and solar investments would still 
generate a 10% private after-tax rate of return over 25 years.   
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Based on the net carbon accounting exercise in Chapter 3, Hypothesis 3 is 
confirmed.    In this research project, net avoided carbon emissions from the solar 
installations over a 25-year period are approximately 11 times greater than the loss of 
carbon sequestration and absorption (when tree clearing is required). 
 
5.2  Future Research 
Given the anticipated continued growth of solar development in Vermont over the 
next 25 years, there are many worthwhile research activities to be undertaken related to 
the economics, environmental impact and public policy dimensions of solar investment. 
A few suggestions for future areas of research are suggested here. 
5.2.1 Future Economic Research 
The much-anticipated new rules from the Public Service Board for net-metered 
solar installations will require new business models for both private solar developers and 
electric utilities.   
1. If, as expected, net metering is restricted to no more than 150 KW AC capacity 
arrays (as opposed to 500 KW AC arrays in 2016), will this result in large 
electricity users (such as schools, universities, hospitals and private industries) 
being excluded from opportunities to lower their electricity expenditures and 
support the State’s CEP through net metering, and will this result in reduced solar 
investment? 
2. If all solar electricity generation above 150 KW AC is to be done through Power 
Purchase Agreements between private developers and electric utilities, or with 
distributed generation owned and operated by the utilities themselves, will this 
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result in monopsonistic behavior by the utilities?  Will utilities use their buying 
power to drive per kWh prices down so that only the largest (e.g. national-scale) 
solar developers will be able to compete, driving Vermont-based solar developers 
out of business? 
3. If the Vermont legislature does eliminate the “solar adder” in 2017 and beyond, 
except for solar arrays sited in brownfields, landfills and abandoned gravel pits, 
will this make solar development by the individual investor unprofitable, or less 
profitable than other investments (e.g. the bond market), so that smaller 
community-scale solar projects installed in fields are not developed even under 
net metering? 
5.2.2. Future Environmental Research 
As mentioned earlier, ANR’s forward-looking report, “Environmental and Land 
Use Impacts of Renewable Electric Generation in Vermont”, sets the stage for future 
research.  Some fruitful areas of additional exploration would include: 
1. What is the actual impact on wetland functioning over a 10 to 15 year time frame 
caused by installation of a solar array in a wetland area?  Does water flow or 
species composition change? Are nitrogen cycles affected by loss of sunlight and 
photosynthesis?  Is the water purification function diminished in any way because 
of the solar installation?  How do those negative impacts compare to the positive 
climate change mitigation impacts of solar arrays? 
2. What are the vegetative growth impacts of solar arrays designed to be built at 
least 8 feet off the ground, so as to permit agricultural use beneath them, whether 
for hay, crops, or livestock (sheep and cattle)?  Would such dual-use arrays help 
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to overcome the land constraint and allow Vermont’s farmers to generate 
diversified guaranteed income streams through land leasing that avoids loss of 
agricultural productivity? 
3. To overcome popular opposition to solar arrays because of negative aesthetic 
impacts, what would be the environmental impact of large (50-100 acre) solar 
arrays sited in forested areas, out of sight but requiring extensive tree clearing, 
construction of transmission lines, and possible negative impacts on wildlife 
habitat, rare/threatened/endangered species, and carbon sequestration? 
5.2.3 Future Public Policy Research Regarding Solar Investment 
Given the Renewable Energy Standards to go into effect in 2017, increased 
pressure will be placed on private solar developers and utilities to “retire” their renewable 
energy certificates (RECs) in Vermont, rather than sell them to out of state utilities that 
need to meet their own state’s renewable energy portfolio standards.  In addition, future 
solar siting incentive credits (e.g. for siting of arrays in landfills or parking lots) are likely 
to replace the “solar adder” policy that has been so popular over the past 5 years.  
Thirdly, a project to put all Public Service Board documents and processing on-line (“e-
PSB”) has been advocated for at least 5 years; recent changes at the PSB indicate “e-
PSB” might actually see the light of day, which would be a welcome development for 
solar investors and other stakeholders in favor of transparency.  This evolving policy 
environment suggest a number of research questions: 
1. Does Vermont’s REC market function efficiently?  Are REC prices set in a 
transparent manner, and should REC prices be set by a fixed tariff or the regional 
private market?  Should RECs be applied to all kilowatt-hours of an array’s 
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production, or only the excess generation over customer usage?  Does Vermont’s 
REC market stimulate additional private investment in renewable energy? 
2. If grid fees are applied to solar net-metering customers, is that unduly 
discriminatory, a barrier to customer participation, and unfairly dismissive of the 
benefits of distributed generation for all utility customers?  Or are grid fees 
applied to net-metering customers a fair payment to utilities for use of their lines 
and helpful in avoiding increased costs imposed on all utility customers?   
3. If e-PSB is, in fact, implemented, does it increase the transparency, speed, 
participation and overall satisfaction from all stakeholders in the permitting 
process?  Does e-PSB increase the acceptance of the PSB’s decisions by 
Vermont’s citizens, or do many Vermonters continue to feel disenfranchised by 
procedures?  Do the costs of e-PSB justify its expected benefits over a 10-15 year 
timeframe?  What is the differential impact of e-PSB, between government 
agencies involved in permitting review and approval on one hand, and private 
sector developers seeking permits on the other? 
 
5.3 Concluding Remarks 
 
The future of solar investment and development in Vermont is bright, largely 
because of the state’s progressive public policies in favor of in-state renewable energy 
development.  Private solar investors can expect future profit margins to shrink but still 
remain sufficiently attractive compared to alternatives with similar low-risk profiles, so 
as to generate continued investment in solar installations at small, medium and large 
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scales.  This will be driven in large part by private tax equity funds eager to take 
advantage of the renewed federal ITC and accelerated depreciation opportunities.   
Tighter environmental and siting regulations are only likely to increase tension 
between solar developers and environmentalists who want to maintain Vermont’s natural 
beauty and open spaces.  That tension could be reduced if more existing agricultural land 
was developed with “dual-use” solar installations, and if research shows that solar arrays 
do not result in significant negative impacts on certain environmental features, such as 
wetlands.  In addition, developers could focus first on marginal agricultural land, as 
opposed to prime agricultural land.  Ultimately, explicitly taking into consideration the 
climate change mitigation benefits of solar arrays and comparing them to potential 
environmental losses can provide a means to assess the tradeoffs between solar electricity 
generation and environmental protection. 
Based on the findings of this operational research project, individual solar 
investors can achieve returns comparable to those of a blended bond/stock investment 
portfolio, and do so in a way that results in net environmental benefits to society.  But 
both the private and social benefits from solar investment remain dependent on the 
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 This manual for solar development is designed to help someone interested in 
developing a solar installation for the first time.  It is not a technical document, full of 
solar array engineering specifications, but rather a step-by-step guide for the layperson to 
follow.  In other words, the solar developer can hire consultants to do the technical work.    
While this Manual is intended to be used for mid-sized solar arrays (i.e. between 
50-500 KW AC) installed in the ground, many of the steps are the same for smaller 
rooftop installations or much larger multi-megawatt arrays.  That said, this Manual would 
not be appropriate for a large “utility-scale” solar array (e.g. 20 MW) that are seen in 
larger western states in the U.S. 
This Manual is derived from personal experience developing a 66 KW AC solar 
array, which has led to developing approximately 15 additional solar arrays in the State 
of Vermont, ranging in size from 150 KW AC to 500 AC.  It is offered with the hope that 
some other person will find it useful and decide to embark on their own journey of 
producing electricity from the sun. 
Before getting into the detailed step-by-step process it may be useful to get the big 
picture of what you are doing.  What is your “institutional universe” for getting a project 
developed and operational?  What is a critical path and rough timeline to have in mind? 
For what they are worth, on the next pages are the institutional universe for my solar 
project, along with the sequence and timing of each major step.   
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For my project there were 36 different entities and individuals to work with, each 
one of them critical to the project’s success.  From start to finish the project required 21 




Mont Vert Solar Project Critical Path and Timeline 
 


















Land Purchases and Site Control                 
 - Scout out Land for Sale Opportunities X               
 - Sign P/S Contract #1 for Land Purchase   X             
 - Home Inspection   X             
 - Initial Wetland Surveys   X             
 - Closing on Property #1   X             
 - Sign P/S Contract #2 for Additional Land Purchase     X           
 - Sub-Division of Property #1 and #2     X           
  - Wastewater Disposal Replacement Area Permits with VT 
Department of Environmental Conservation (DEC)     X           
  - Zoning Authority Approval from Proctor Town Authorities     X           
  - Closing on Property #2     X           
  - Filing in Proctor Town Land Records final lot layouts     X           
                  
Solar Array Design and Engineering                 
 - Technical Assessment, Civil Engineering and Solar Array 
Design     X X         
 - Financial Appraisal and Mobilization of Financing     X X         
 - Wetland Survey and Delineation     X X         
 - Inter-Connection Discussions with GMP       X X       
 - Certificate of Public Good - application and issuance     X X         
 - Landscape Architecture and Installation of Vegetative 
Screening       X   X X   
 - Customer Acquisition/Discussions/Signing of Net Metering 
Credit Agreements         X X     
 - Solar Array Installation         X       
 - Solar Array Energized and Inter-Connected into GMP grid         X       	
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STEP ONE – FIND SOME LAND 
 
In a rural state such as Vermont, you would think this would be easy.  It’s not.  
Land suitable for a solar array is actually hard to come by, and is arguably the biggest 
constraint to your solar project.  Each parcel of land is different and solar arrays can be 
installed in a variety of ways, which offers the developer some flexibility, but there are 
some general guidelines to follow when looking for land. 
Basic criteria for a good solar site are: - south-facing, relatively flat (no more than 15-degree incline) - close to existing utility lines - free of major environmental features, such as wetlands, 
rare/endangered/threatened species, deer wintering areas, bat habitat, etc. - preferably cleared, although trees can be cut and stumped if this is the only 
option - free of Conservation Easements or other Right of Way Easements which 
would prevent the project from being built - situated far enough away from neighbors and/or roads so as to avoid local 
opposition 
 
How much land do you need?  A rough guide is one acre per 100 kilowatt AC.  A 
50 KW AC array would require ½ acre and a 500 KW AC array would require 5 acres.  
This takes into account the extra land you need for fencing, access roads, setbacks from 
property boundaries and roads, etc.   
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The type of soil is also important.  The easiest way to install a solar array is to 
drive posts 7’ into the ground, below the frost line.  The racking is attached to the posts, 
and the solar panels attached to the posts.  Soils with lots of rocks and/or ledge require 
different installation technologies, such as concrete ballasting (very large concrete blocks 
are placed on the ground and the posts are bolted into them) or rock anchoring.  These 
technologies add considerably to your costs, and may make the land you are looking at 
unsuitable. 
Proximity to existing utility lines is very important, because the solar developer 
pays the utility to inter-connect the array to those lines.  Costs increase very quickly with 
distance (more about those specific costs later).  Generally speaking, there are two types 
of utility lines, single phase and three-phase.  A single-phase line can handle up to a 100 
KW AC solar array, and sometimes up to a 150 KW AC array, depending on its 
condition.  (You have to consult with the electricity utility serving that area to have their 
engineers review the capacity of the specific line you want to tap into.)  A three-phase 
line can handle much larger solar arrays, certainly up to 500 KW (a 5-acre array).   
Green Mountain Power (GMP) has a very handy on-line mapping tool 
(http://www.greenmountainpower.com/innovative/solar_capital/3-phase-service-in-
vermont/, downloaded 1/20/16), which allows the prospective solar developer to see if 
the 9-1-1 address where the land is located is close to a 3-phase line.  For solar projects 
between 150-500 KW in size, land should be no more than 1250’ from the 3-phase line 
(and the shorter the better!).  Otherwise, the inter-connection will be too expensive to 
justify the project.   
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Just because your land may be close enough to the utility lines to afford the inter-
connection with the array does not mean the utility will let you “plug in”!  Each 
electricity line is part of a circuit that connects to a sub-station, and that sub-station has 
one or more transformers in it that can only handle so much electricity at one time.  For 
example, the transformer at GMP’s Vergennes sub-station is rated at 14 MW AC, which 
means no more than 14 MW of renewable energy can be installed on the electricity lines 
feeding into that transformer.  With the very rapid growth of solar installations (also 
called “distributed generation”, or DG), many of the utility’s sub-stations are at capacity. 
This means you need to contact GMP’s Distributed Generation Coordinator, with 
the address of the land you want to develop for solar and the size of the array you want to 
build.  GMP’s “Innovative Power” website has a lot of other useful resources you should 
consult, as well. 
Every solar project larger than 15 KW AC in size must be reviewed by the 
Vermont Agency of Natural Resources (ANR), to assess the project’s impact on sensitive 
environmental features, such as wetlands, flood zones or essential wildlife habitat.  
Fortunately, ANR offers a helpful on-line mapping tool, the Natural Resources Atlas 
(http://anr.vermont.gov/maps/nr-atlas, downloaded 1/20/16).  This tool allows you to 
plug in an address and then select the environmental features you are concerned about to 
see if they show up on the land you are looking at.  This is an important “first brush” to 
see if flood zones, wetlands, endangered species habitat or other protected environmental 
areas will make your land un-developable for solar.   
But do not trust this tool!  This is just a starting point.  Very often ANR’s Natural 
Resource Atlas is simply wrong – indicating an area is free of wetlands when it isn’t, or 
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full of deer wintering area when it is not, etc.  There is no substitute for “boots on the 
ground” environmental analysis by a qualified and certified specialist, whose reports will 
reviewed by ANR.  If ANR has questions, they will want to do a site visit themselves. 
Cleared versus Forested Land -  It is certainly preferable to select a parcel of land 
which is already cleared.  This saves money, hassle and time on tree clearing and 
stumping, and simplifies environmental analysis, as well.  For example, often ANR will 
waive the requirement for a survey of rare, threatened or endangered species (RTE) if the 
array is to be located in a field which has been used for hay, grazing or crop cultivation.  
But forested areas must be surveyed for RTE before any clearing can be done.  RTE 
surveys can only be done after May 1st and before November 15th , so if you have to such 
a survey and it’s January, you simply have to wait until May.  That can be exasperating. 
If you are looking at forested land, you need to make sure you can clear enough 
trees around the array so that there is no shading by the surrounding trees.  Shade is NOT 
your friend!  Depending on tree heights, you may need to clear up to 125’ around the 
solar array (except to the north), so the panels are not shaded by trees even on the shortest 
day of the year (when the sun is lowest).  
Easements – Before buying or leasing land, you need to review closely the Deed 
to see if there are Conservation Easements, Rights of Way, or other restrictions that might 
make your project impossible to build.  The Vermont Land Trust has recently revised its 
policies to make them more friendly to solar development on conserved land, but the 
Vermont Housing and Conservation Board has not.  More than 600,000 acres of 
Vermont’s land is tied up in conservation easements so there is a fair chance the 
undeveloped land you are considering for solar development is, too.  In addition, many 
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land parcels have Easements that provide rights of way, e.g. for a farmer to access 
neighboring fields, or a utility to access electricity or gas lines, etc.  Your array cannot 
block these rights of way.  You have to be sure the land you want to use for solar is free 
from development restrictions. 
Neighbors – Like it or not, neighbors (more formally referred to as “abutting 
landowners”) are important stakeholders in your solar array, and need to be taken into 
consideration.  This is not only because it’s the right and respectful “Vermont Way”,  but 
also because they can make your life hell if they do not like where you want to put the 
solar array.  At a minimum, the State requires solar arrays to be at least 40’ from all 
property lines (for arrays up to 150 KW AC) and 50’ from all property lines for larger 
arrays.  Larger arrays must also be at least 100’ set back from public roadways.   
Ideally, your proposed array is situated so that it is not directly in a view line of 
the neighbors’ windows, or within 100’ of any house.  While no proof exists that solar 
arrays lower the values of land and houses that abut them, conventional wisdom suggests 
that is the case.   
It is important to think about the aesthetic impact of your solar array on your 
neighbors and on those viewing Vermont’s iconic landscapes from the roadways, and try 
to minimize those negative impacts by siting your array as far from your neighbors and 
roadways as you can.  This obviously clashes with the need to put your array close to 
existing utility lines, which are typically (though not always) located along roadways.  
It’s a balancing act. 
Buy versus Lease – There are two options for securing “site control” for your 
solar array: buying the land outright and leasing it.   
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Buying the land can make sense if: the total parcel roughly corresponds to what 
you need for your solar array, the upfront cost fits into your budget, and you have the 
time to work through a purchase and sale contract.   You certainly have more flexibility if 
you purchase the land in terms of deciding where your access road from the array to the 
roadway will go, what type of inter-connection you will use (above-ground or 
underground), how much site work you can do (grading, tree clearing, etc.).  But then, of 
course, you are the landowner, the target for anyone opposed to your solar array (for any 
reason), and the holder of an illiquid asset that may be hard to dispose of in 25 years. 
Many solar developers prefer to lease the land they need for the solar array.  And, 
in fact, most landowners do not want to sell their land for solar development but prefer to 
generate income from the land lease.  How much to pay for a land lease is dependent on 
how much land you need, how attractive the site is (e.g. is it cleared, south-facing, free of 
aesthetic concerns, close to utility lines, with easy soils for installation, in which case you 
should be willing to pay more), and what the market for land is in that area.  A very 
rough rule of thumb is $2,500/acre/year, for a 20-25 year lease.   
Land leases themselves can be burdensome legal documents, up to 30 pages long, 
particularly when third-party investors are involved who want to be sure there are no 
easements or liabilities with the land being leased that could pose a risk to their 
investment.  But for the average individual-owned lease, there are many standard lease 
documents that can be found on the Internet and adapted for your purposes.    
In many cases, the solar developer can begin with a simple 2-page Option To 
Lease, which is a non-binding agreement between the developer and the landowner that 
the land where the array is to go will not be sold or leased to anyone else for a specific 
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period (e.g. 9-12 months), during which time the project can be permitted.  If and when 
the project is permitted, then the trouble and expense of a land lease is worth undertaking. 
STEP TWO – ENVIRONMENTAL ANALYSIS 
Once you have secured “site control” for where your solar array will go, you need 
to have a qualified, certified environmental specialist visit your land to identify any 
environmental features which need to be protected.    
As mentioned earlier, the specialist will look for: wetlands (Class I, II or III); 
streams and rivers; vernal pools; river corridors and flood zones; 
rare/threatened/endangered species; bat and bear habitat; deer wintering area; 
brownfields/landfills/hazardous sites; wildlife management areas; and several other 
environmental categories.  The presence of any of these features may make it very 
difficult to get your project permitted by the Vermont Public Service Board. 
Section 248(b)(5) of the Vermont Net Metering Statutes states that the Board shall 
not issue a certificate of public good (CPG) unless it finds that the project “will not have 
an undue adverse effect on aesthetics, historic sites, air and water purity, the natural 
environment, the use of natural resources, and the public health and safety, with due 
consideration having been given to the criteria specified in 10 V.S.A. §§ 1424a(d) and 
6086(a)(1) through (8) and (9)(K) and greenhouse gas impacts.  In practice, this means 
that the Agency of Natural Resources (ANR) has review/approval authority over solar 
projects.  The Public Service Board will not issue a CPG for your project unless ANR has 
cleared it.   
For smaller solar projects, ANR will review the CPG application itself, which 
includes sections regarding the project’s expected environmental impact.  These sections 
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call for maps and other visual aids to identify the project site and nearby sensitive 
environmental features.  If ANR has concerns they contact the developer and inform the 
PSB. 
For larger solar projects (150 KW and above), the CPG application must include a 
separate environmental analysis of the project, with the resume and signed affidavit of the 
environmental specialist who conducted the analysis, systematically addressing the 
project’s impact on: - Shorelines, streams and headwaters, and outstanding resource waters; - Wetlands; - Rare and irreplaceable natural areas;  - Necessary wildlife habitat; - Rare, threatened and endangered plant and animal species. 
ANR has different specialists for each of these areas, so the CPG application 
needs to move from one specialist to another, which can take several weeks.  Specialists 
then make their views known to ANR’s legal counselors, who then engage with the solar 
developer and/or the PSB, depending on their findings. 
In case your project touches a delineated wetland area, or any area within 50’ of a 
wetland area (the wetland buffer zone), you will need a Wetland Permit from ANR.  That 
is a rather lengthy application with procedures and forms that can be found on ANR’s 
website.  The permit request includes measurement of the affected area and fees to be 
paid, depending on the type of wetland and the square footage affected.  Expect 3-4 
months for this process to be completed, with no guarantee you will get the permit.  In 
other words, avoid wetlands and wetland buffer areas at all costs! 
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STEP THREE – ENGINEERING 
Engineering has three primary components: (i) civil engineering, (ii) solar array 
design, and (iii) inter-connection.  Each of these components requires collaboration with 
a properly certified engineer. 
Civil engineering is typically the first step.  The size of the proposed solar array is 
the starting point, which determines how many solar panels will be required.  Panels are 
typically arranged in “racks” of 18 or 22 panels, each about 30’ long.  The civil engineer 
starts by laying out the racks in rows, with rows spaced about 25-30’ apart, facing south, 
on a 25-30-degree tilt.  The racking design is then wrapped with a fence, and the access 
road to the array is indicated.  This exercise confirms whether or not the secured land can 
indeed accommodate the size array desired.  It is an iterative process that often results in 
racks being moved, rows being tightened, panel tilts being modified, etc., until the project 
seems viable.  In addition, engineers conduct “pull tests” of the soil, driving posts into the 
ground where the array is to be installed to see if there is sufficient horizontal and vertical 
friction to keep the posts in place and the solar panels secure. 
In parallel fashion, a licensed solar power engineer prepares a “one-line diagram”, 
showing all the components of the solar array.  This includes the solar panels (aka 
“photovoltaic modules”), inverters, circuit panels, monitoring and production meters, 
disconnect switches, and all the necessary wiring and cabling to connect all of these 
devices together. The one-line diagram is then used to develop an annual electricity 
production report, using on-line tools (e.g. www.pvsyst.com).  The production report is 
the key information you need to know for using or selling the net metering credits 
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generated by the array.  It is your “bottom line” electricity production prediction.  










The third engineering step is to meet on site with engineering designer from the 
electricity utility.  The utility’s engineer takes the one-line diagram and determines the 
type of transformer(s) needed to inter-connect the array with the grid, and the optimum 
inter-connection design.  Transformers step-up the voltage coming out of the inverters to 
the voltage used in the transmission lines.  Inter-connections can be above-ground 
(essentially, addition of new power poles, stringing conductor wire, and hanging 
transformers on the power poles) or underground (which requires a 4’-deep trench, 
installation of a 4” metal conduit and then pulling conductor wire from the array’s 
inverters through the conduit to the transformer).  Above-ground interconnections are 
typically less expensive for the developer, but they often have negative aesthetic impacts.  
Neighbors prefer underground connections.  In some cases above-ground 
interconnections are the only possibility (e.g. with lots of ledge-y soils or very tough 
terrain), but it is important to keep in mind that the utility requires 24 X 7 road access 
along above-ground interconnection routes, which can add road construction costs and 
upset neighboring landowners. 
The civil, solar power and utility engineers work with the developer and the 
environmental specialist to produce a final site plan.  This is the document that is 
submitted along with the application for a Certificate of Public Good, and it is the key 
reference point for the project’s review and construction.  It is what you will show to the 
neighbors, the local Planning Commission and Select Board, the Regional Planning 
Commission, etc.  A sample site plan showing the layout of the solar array, the access 
road and fencing, relevant environmental features, the interconnection to the grid, etc., is 





STEP FOUR – LOCAL STAKEHOLDER ENGAGEMENT 
 
Once you have site control and a site map it is time to engage with local 
stakeholders, including the Town Planning Commission, the Town Select Board and 
abutting landowners.  While the permitting process for a solar array goes through State-
level authorities, it is very important to at least inform local authorities and neighbors of 
your intentions.  This can be time-consuming and sometimes uncomfortable (e.g. when 
an abutting neighbor is vehemently opposed to your solar project), but it is worthwhile 
and will go a long way towards avoiding contentious discussions during permitting. 
A simple phone call to the Town Clerk’s Office can get you on the Agenda of the 
next Planning Commission and/or Select Board Meeting.  These are usually held in the 
early evenings.  Be prepared.  Research the Town Plan (available on Town websites) to 
see if the town encourages development of renewable energy (some do and some don’t), 
or has classified its land for specific purposes relevant for solar development.  Refer to 
this Plan during your 10-15 minute presentation. Be ready to address local authorities’ 
and citizens’ concerns about aesthetic impacts of your array, with knowledge of who will 
be able to see the array (from the road or from their house) and from how far away, and 
offer vegetative screening plans to mitigate any negative impacts. 
Members of local Planning Commissions and Select Boards are just fellow 
Vermonters. Some will be supportive of solar development and some will be strongly 
opposed.  Many resent the fact that permitting is by the State under Section 248 and not 
by the town and the Act 250 process they are familiar with.  This induces a feeling of 
powerlessness that engenders frustration and anger, which is sometimes directed at the 
solar developer.  You need to be prepared to “take some heat”. 
	 22	
All abutting landowners of the parcel where the array will be installed are 
stakeholders, and should be informed/consulted before beginning the permitting process.  
You can obtain a list of all abutters and their addresses from the Town Clerk’s Office.  At 
a minimum, a simple letter stating your intentions with the proposed site plan included 
should be sent to them, along with your contact information so they can share their 
concerns.  If you are leasing the land, it is a good idea to have the landowner visit his/her 
neighbors to personally discuss the solar project.  Neighbors are more receptive to each 
other than to an outside developer; misunderstandings and concerns can be addressed 
more easily this way.   
Engagement with local stakeholders may persuade you to modify your site plan in 
some way.  This might mean increased vegetative screening/landscaping to reduce 
negative view impacts, changing the layout of the array so it is further from view, 
reducing the size of the array, using an underground instead of above-ground 
interconnection solution, inviting local stakeholders to be customers of your solar array’s 
net metering credits so as to lower their electricity expenditures, etc.  Be receptive to their 
suggestions and do what you can to incorporate them without jeopardizing the feasibility 
of your solar project. 
	 23	
 
STEP FIVE – APPLICATION FOR A CERTIFICATE OF PUBLIC GOOD  
 
By now you pulled together all the engineering and environmental information you 
need to apply for a Certificate of Public Good (CPG), and incorporated feedback from 
local stakeholders into a revised site plan.  You must have a CPG in order to benefit from 
solar net metering and to construct your array.  It is your official governmental permit.   
Permitting for solar projects is governed by Vermont Statute 30, Section 248, 
(http://legislature.vermont.gov/statutes/section/30/005/00248, downloaded 1/21/16), 
which covers all electric and gas purchases, investments and facilities.  This means 
permitting is by the State of Vermont, not by the Town in which your array will be 
located. 
Application forms for the CPG are available on the Public Service Board’s website 
(http://psb.vermont.gov/utilityindustries/electric/backgroundinfo/netmetering, 
downloaded on 1/22/16).  There are different forms and requirements, depending on the 
size of your solar array.  There are four categories: < 15 KW AC;  < 150 KW AC; < 500 
KW AC; and > 500 KW AC.  Application forms and requirements, not surprisingly, 
increase in complexity and regulations with the size of the array, and this has a direct 
relation to the speed of the application’s permitting process, as well.   
Small rooftop or backyard arrays of less than 15 KW AC go through an 
accelerated process, which is more like registration than permitting, using a simple 4-
page on-line form.  Very little environmental review is involved.   
Solar arrays between 15 – 150 KW AC in size go through a more complicated 
application and review process, using the Public Service Board’s Rule 5.100.  CPG 
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application forms may be downloaded in PDF or WORD formats.  This is a 10-page form 
that includes:  - Applicant Information - Installer Information - Photovoltaic System Information - Interconnection Configuration - Ownership of Renewable Energy Attributes - Group System Information - Environmental Information 
 
 
This form is submitted along with your site map to the Public Service Board 
(PSB), with copies to the Agency of Natural Resources, the Department of Public 
Service, the Town Planning Commission, the Regional Planning Commission, all 
abutting landowners, and the electric utility in the service area of your proposed array.  
All of these stakeholders have 30 days to indicate their views to the PSB.  If the PSB 
deems that some stakeholders have submitted well-founded arguments against the 
project, it may call a hearing.  If this happens, you probably should consult legal counsel 
familiar with PSB and solar permitting procedures.  But this is rare. 
The individual solar developer should be able to complete this application form 
without legal counsel, although such advice can be sought.  After filing, expect to wait 
about 2 months before receiving any reply from the Public Service Board. 
Applications for CPGs for solar arrays larger than 150 KW AC go through a more 
rigorous process.  In fact, before they can even be filed all stakeholders must be notified 
45 days in advance of the solar developer’s intention to file for a CPG, along with a 
proposed site plan.  Typically, CPG applications are prepared by lawyers, with each 
section of the application accompanied by notarized affidavits (and resumes) from the 
applicant, civil engineers, solar array designers, environmental specialists, landscape 
	 25	
architects, etc., stating their competence and knowledge of the relevant sections of the 
CPG application.  In addition, the Vermont Department of Historic Preservation must be 
provided with the project description, site plan and aesthetic review, so they can make a 
determination as to whether or not the proposed project might have a negative impact on 
Vermont’s historical or archeological heritage. 
Filing for a CPG for an array larger than 150 KW AC is a much more detailed 
process than this Manual has scope to cover.  Suffice to say, the solar developer needs to 
work with a law firm licensed to practice in Vermont with experience in preparing CPG 
applications and working with the PSB as they are being deliberated.  After filing, 
stakeholders have 21-days to indicate their views to the PSB, which may decide to hold a 
hearing if valid arguments in opposition are raised.  Expect to wait 3-9 months to work 
your way through this process to a CPG. 
STEP SIX – BUILDING YOUR ARRAY 
Once you have your CPG, your array can be built.  Congratulations.  You are 
almost there! 
Solar array installation is typically done by electric contractors.  An Internet 
search of solar array installers in Vermont will show more than 40 different installers, 
who must be certified electricians with specific qualifications related to solar array 
installation and inter-connection.  Choose five or more of them and arrange to meet them 
individually at your site.  Review the site plan together, discuss timing, obtain references 
from other completed solar installations, and obtain/compare price quotations for the job. 
Typically, the price quotation will include the cost for all system components 
(solar panels, steel mounting system, inverters, meters, etc.) and labor for installation.  It 
	 26	
may include site preparation work, such as access road and fence construction.  All 
equipment warranties should be specified.   
In order to compare price quotations, convert them into a simple cost per watt DC.  
For example, if the system price is $223,000 for an 83,000 watt DC ground-mounted 
solar array, the cost per watt is $2.68.  Obtaining multiple price quotations encourages 
solar installers to offer competitive pricing.  But be sure to consider other factors beyond 
pricing, such as experience, required qualifications of installers, referrals, the equipment 
proposed, timing, etc.  Some installers may offer a very low price but use low-quality 
solar panels that do not produce as much as higher-quality panels and offer shorter 
warranties.  Others are over-committed and are forced to hire untrained personnel to 
fulfill their work orders, or may not be able to install your array for many months.  
Once you have selected your installer, you will need to put up a deposit, typically 
25-30% of the system cost.  Additional payments are made as the installer completes 
certain milestones (e.g. equipment on-site, array energized, final punch list completed, 
etc.).  Obviously, you need to have mobilized the financing you need before this moment, 
using personal savings, home equity loans, commercial debt (e.g. from Vermont 
Economic Development Authority, VEDA), or other sources.   
The solar installer works with the utility (Green Mountain Power or whichever 
utility provides electricity to the area where the array is located) on the inter-connection.  
This includes installation by the utility of the transformer(s) required and appropriate 
wiring so that the array is connected to the grid.  Several days of testing are usually 
conducted to see if all system components are working properly, meters and disconnect 
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switches are functioning, and there are no issues with grid stability.  Once the solar array 
is interconnected with the grid, it is considered to be “energized”. 
 
STEP SEVEN – ACQUIRING CUSTOMERS TO BUY YOUR SOLAR NET 
METERING CREDITS 
 
If your solar array is only to serve your own personal electricity needs, then you 
can skip this step.  The solar net metering credits generated by your array are simply 
credited against your electricity expenditures and used to pay down your utility bill.  
Nice. But if your array is larger than 10 KW AC, it is likely that it will produce more 
kilowatt-hours of solar net metering credits than you need.  You need customers to buy 
those credits. 
In Vermont the electric utility does not pay you for the electricity generated by 
your solar array.  As per the solar net metering statutes, the utility issues net metering 
credits (measured in kilowatt-hours), which correspond directly to the number of 
kilowatt-hours produced by your array.  Those credits are valued now at $0.19/kWh, 
composed of the base residential rate for electricity ($0.147/kWh) plus a “solar adder” 
($0.043/kWh).  The “solar adder” is guaranteed for 10 years, after which the value of the 
net metering credit returns to whatever the prevailing base residential rate may be.  In 
other words, you or your customers pay the utility 14.7 cents per kilowatt-hour of 
electricity, but the net metering credits are worth 19 cents per kilowatt-hour.  There is a 
market for people who want to buy net metering credits to pay down their electricity bill, 
so long as the price is less than $0.19/kWh. 
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Finding customers can be as simply as knocking on the doors of your neighbors 
and asking them if they would like to save money on their electricity bills while 
supporting clean energy generation.  Or you may want to contact local businesses, or 
schools or any other electricity customer of the utility for the service area where the array 
is located.   
In almost all cases, the developer needs to offer a discount on the price of the net 
metering credit.  The bigger the discount, the less money is earned from the sale of the 
credits.  But the bigger the discount, the easier it is to acquire customers, for obvious 
reasons. Discounts typically range from 5-25%, depending on the size of the array, the 
number of net metering credits to be purchased, the possibilities for customers to 
purchase credits from other solar developers, etc.  It’s a market-driven negotiation. 
Once you have enough customers to purchase all the excess net metering credits 
(above and beyond what you need yourself, which you should maximize because you get 
those at $0.19/kWh as opposed to selling them at a discount to others), you need to sign 
purchase agreements.  This is a formal legal contract that obliges the solar array owner to 
provide to the customer a certain quantity of net metering credits per year at a specific 
price, and obliges the customer to pay for those credits on a regular basis (monthly, 
quarterly, etc.).  Given the array’s expected lifespan of 20-25 years, typically these 
contracts are 20-year purchase agreements, with certain clauses for early termination. 
The developer than informs the utility how the net metering credits from the array 
should be allocated.  This can be on a percentage basis or using the “stacking” method.  
Under the percentage approach, the developer simply informs the utility to allocate a 
certain percentage of the monthly production of net metering credits to each customer, 
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identified by their electricity meter account number, until all 100% of the array’s 
production is allocated.  Under the “stacking” method, the electricity account numbers 
are ordered by priority, and credits are applied to first account until it “zeros out”, after 
which the credits are applied to the next account until it zeros out, and so on (this is also 
called the “cascade” approach).  The second method is useful when there is one large 
customer with multiple metered accounts.  In most cases, the percentage allocation is 
used.  The developer can change this allocation as needed, depending on the billing cycle 
of the utility. 
On an annual basis the developer and the customer review fulfillment of the 
contract.  In some years solar electricity generation may be lower than projected because 
of weather, maintenance problems, shading issues.  In that case the customer may end up 
paying for more net metering credits than they actually receive, which means the 
developer needs to reimburse the customer.  The opposite may also be true – production 
can be higher than projected and the customer may receive more credits than they paid 
for, in which case the customer should make an additional payment for the difference.  
This reconciliation (or “true-up”) process is specified in most net metering credit 
purchase contracts. 
 
STEP EIGHT – ADMINISTRATION, OPERATION AND 
MAINTENANCE 
 
The nice thing about most solar arrays (except for the “trackers” which follow the 
sun and optimize the panels’ orientation to the sun for higher productivity) is that there 
are no moving parts.  There are no lubricants, no contaminants, no “oil changes”.  An 
array just sits there, quietly harvesting sunlight and producing electricity. 
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But there are a few things you need to do.  First off, your array should come with 
a meter that can communicate your array’s output to your computer, so you can track the 
array’s production.  Monitoring production on a regular basis is important to identify a 
potential wiring problem, possible inverter failure, or even excessive “snow soiling”. 
Yes, “snow soiling”.  If there is a lot of snow and it stays very cold the solar 
panels do not heat up enough to melt and shed the snow.  Your panels are “soiled” with 
beautiful white snow.  If you brush off the bottom foot or so of the panels with a snow 
rake they will heat up enough to melt the rest; there is no need to clear off the entire 
panels.  In addition, during the summertime you need to periodically manage the 
vegetation around the array (once or twice a year) so that no weeds/grasses block the 
panels and no trees shade the array.  You can do this by hand, or equipped with your 
mower and chainsaw. 
Thirdly, if you are selling net metering credits you need to keep track of customer 
billing and payments.  Set up a spreadsheet and make sure your customers don’t fall 
behind.  The best thing to do is to have them set up a monthly automatic payment into 
your bank account.  Then they can forget it and you can be assured of regular payments.  
Chasing down delinquent customers is a drag and takes the joy out of solar investing! 
Finally, you have to keep up with payments of your insurance premiums and local 
property taxes (paid on a quarterly basis).   Not all insurance companies offer coverage 
for solar installations because not all of them understand the risks.  Consult an insurance 
broker and let them hunt around to see which insurance companies do offer such 
coverage and obtain several price quotations.  Paying your property taxes (which take 
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into account both the value of the land and the revenue generated by the solar array) is 
obviously the law.  But it’s also a good excuse to go to the Town Clerk’s Office and chat 
with the folks who are working there.  You never know – someday you may need their 
help.  I know I did. 
 
So that’s it.  It’s not so hard.  But it does take sustained effort and time.   Every 
solar project is different, and every project teaches a new lesson.   
A final bit of advice: never stop asking questions.  Do not be afraid to ask the 
environmental consultants, the solar power engineers, the Green Mountain Power line 
designer, the civil engineers, the landscape architects, etc. what they are doing and why.  
My own experience suggests that people love to explain to other people what they do, 
and it is a great learning opportunity.  That process also strengthens your network and the 
community working on renewable energy generation.  We all need to support each other 
as Vermont builds out its renewable energy infrastructure and does its part to mitigate 
climate change.  Go for it! 
 	


































































